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, UHAPTISK Jl. 

ObjteU (md C<m$tUuiion» 

1. The objects of the British Association for the Adirance- Objects, 
ment of Science are : To give a stronger impulse and a more 
systematic direction to scientific inquiry ; to promote the 
intercourse of those who cultivate Sdence in different parts 

of the Bntish Empire with one another and with foreign 
philosophers ; to obtain more general attention for the objects 
of Science and the removal of any disadvantages of a public 
kind which impede its progress. 

The Association contemplates no invasion of the ground 
^ occupied by other Institutions. 

2. The Association shall consist of Members, Associates, Constitution, 
and Honorary Corresponding Members. 

The governing body of the Association shall be a General 
Committee, constituted as hereinafter set forth ; and its 
affairs shall be directed by a Council and conducted by 
General Ofiicers* appointed by that Committee. 

3. The Association shall meet annually, for one week or Annual 
longer, and at such other times as the General Committee Meetings, 
may appoint. The place of each Annual Meeting shall be 
determined by the General Committee not less than two years 

in advance ; and the arrangements for these meetings shall 
be entrusted to the Officers of the Association, 

Chapter II. 

* The Gmeral CommittM. 

1. The General Committee shall be constituted of the Constitution, 
following persons 

(i) PcmofwnI ifcmhers-- 

(a) Past and present Members of the Council, and past 
and present Presidents of the Sections. 



Admisi9ion. 




Functions. 


▼i RULES OK THE BRITISH ASSOCIATION. 

(i) Members who, by the publication of works or 
papers, have furthered tlie advancement of know- 
ledge in any of those depai^tments whicli are 
assigned to the Sections of the Association. 

(ii) Temporality Members — 

(а) Vice-Presidents and Seci*etaries of the Sections. 

(б) Honorary Cori*esponding Members, foreign repre- 
. sentatives, and other persons specially invited 

or nominated by the Council or General Otliccrs. 
(c) Delegates nominated by the Aihliated Societies. 

{d) Delegates— not exceeding altogether three in 
number — from Scientific Institutions established 
at the place of meeting. 

2. The decision of the Council on the qualifications and 

claims of any Member of the Association to be placed on th«‘ 
Geneml Committee shall be final. < 

(i) Claims for admission as a Permanent Member must 

be lodged with the Assistant Secretary at least one 
month before the Annual Meeting. 

(ii) Claims for admission as a Temporary Member may l>e 

sent to the Assistant Secretary at any time Injfore 
during the Annual Mi^cting. 

3. The General Committee shall meet twice at least during 
every Annual Me(*ting. In the interval between two Annual" 
Meetings, it shall be competent for the Council at any time 
to summon a meeting of the General Committee. 

4. The General Committee shall 

(i) Receive and consider the Report of the Council. 

(ii) Elect a Committee of Recommendations. 

(iii) Receive and consider the R<$port of the Committee 

of Recommendations. 

(iv) Determine the place of the Annual Meeting not les.s 

than two years in advance. 

(vj Determine the date of the next Annual Meeting. 

(vi) Elect the President and Vice-Presidents, Local Trea- 

surer, and Local Secretaries for the uext Annual 
Meeting. 

(vii) Elect Ordinary Members of Council. 

(viii) Appoint General Officers. 

(ix) Appoint Auditors. 

(x) Elect the Officers of the Conference of Delegates. 

(xi) Receive any notice of motion for the next Annual 

Meeting. 
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Craptbr IIL 


1. * The ex officio Members of the Committee of Becom- ConstilQtioii. 
meiidationa are the President and Vice-Presidents of the 
Association^ the PresidTent of each Section at the Annual 
Meeting, the Chairman of the Conference of Del^t^ the 

General Secretaries, the General Treasurer, the Trustees, and 
the Presidents of the Association in former years. 

An Ordinary Member of the Committee for each Section 
shall be nominated by the Committee of that Section. 

If the President of a Section be unable to attend a meeting 
of the Committee of Recommendations, the Sectional Com- 
mittee may appoint a Vice-President, or some other member 
of the Committee, to attend in his place, due notice of such 
appointment being sent to the Assistant Secretary. 

2. Every recommendation made under Chapter IV. and FuDctlocs. 
every resolution on a scientific subject, which may be sub- 

mitt^ to the Association by any Sectional Committee, or by 
the Conference of Delegates, or otherwise than by the Council 
of the Association, shall be submitted to the C^mittee of 
Recommendations. If the Committee of Recommendations 
approve such recommendation, they sh^ll transmit it to the 
General Committee; and no recommendation shall be con- 
sidered by the General Committee that is not so transmitted. 

Every recommendation adopted by the General Committee 
shall, if it involve action on the part of the Association, be 
transmitted to the Council ; and the Council shall take such 
action as may be needful to give effect to it, and shall report 
to the General Committee not later than the next Annua! 

Meeting. 

Every proposal for establishing a new Section or Sub- 
Section, for altering the title of a Section, or for any other 
change in the constitutional forms or fundamental rules of 
the Association, shall be referred to the Committee of Recom- 
mendations fqr tfabir consideration and report. 

3. The Committee of Recommendations shall assemble^ Procedme. 
for the despatch of business, on the Monday of the Annual 
Meeting, and, if necessary, on the following day. Their 
Report must be submitted to the General Committee on the 

last day of the Annual Meeting. 

* Amended by the General Committee at Winnipeg* 1900. 



Procedure. 


ConstitutioD. 


Piopoeals by 

Sectional 

Committees. 


Tenure. 


Reports. 


VIU 


RULES OP THE BRITISH ASSOCIATION. 


Chapter IV. 

Rmarch C(mm%ttee9. 

1. Every proposal for special research, or for a grant of 
money in aid of special research, which is ma^le in any 
Section, shall be considered by the Ct)nmiittce of that Section ; 
and, if such proposal l>e approved, it shall be referred to the 
Comipittee of Recommendations. 

In consequence of any such proposal, a Sectional Com- 
mittee may recommend the appointment of a Research 
Committee, composed of Members of the Association, to 
conduct research or administer a grant in aid of research, 
and in any case to report thereon to the Association ; and the 
Committee of Recommendations may include such recom- 
mendation in their report to the General Committee. 

2. Every appointment of a Research Committee shall bo 
proposed at a meeting of the Sectional Coinmittec aiiM adopted 
at a subsequent meeting. The Sectional Committee shall 
settle the terms of reference and suitable Members to serve 
on it, which must be as small as is consistent with its eiticient 
working; and shall nominate a Chairman and a Secretary. 
Such Research Committee, if appointed, shall hav(* power to 
add to thciiinumbers. 

3. The Sectional Committee shall state in their recommen- 
dation whether a grant of money be desired for the purposes 
of any Research Committee, and shall estimate the amount 
required. 

All proposals sanctioned by a Sectional Committee shall 
be forwarded by the Recorder to the Assistant Secretary not 
later than noon on the Monday of the Annual Meeting for 
presentation to the Committee of Recommendations. 

4. Research Committei^s are appointed for one year only. 
If the work of a Research Committee cannot be completed 
in that year, application may be made through a Sectional 
Committee at the next Annual Meeting for reappointment, 
with or without a grant —or a further grant — of money. 

5. Every Research Committee shall present a Report, 
whether interim or final, at the Annual Meeting next after 
that at which it was appointed or reappointed. Interim 
Reports, whether intended for publication or not, must be sub- 
initted in writing. Each Sectional Committee shall ascertain 
whether a Report has been made by each Research, Committee 
appointed on their recommendation, and shall report to the 
Committee of Recommendations on or before the Monday of 
the Annual Meeting. 



BE8URCB COfllMrmES. it 

6. In each Research Committee to which agrant of money Osamts* 

has been mad^ the Chairman is the only person entitled to call ^ 

on the General Treasurer for such portion of the sum granted 

as from time to time may be required. 

Grants of money sanctioned at the Annual Meeting (t)Bspireoa 
expire on June 30 following. The General Treasurer is not 
authorised, after that date, to allow any claims on account of 
such grants. 

The Chairman of a Research Committee must, before (s) Accoont!) 
the Annual Meeting next following the appointment of 
the Research Committee, forward to the General Treasurer 
a statement of the sums that have been received and ex- 
pended, together with vouchers. The Chairman must then 
return the balance of the grant, if any, which remains un- 
expended ; provided that a Research Committee may, in the 
first year of its appointment only, apply for leave to retain 
an unexpended balance when or before its Report is presented, 
due reasoh being given for such application.* 

When application is made for a Committee to be re- (d) Addi- 
ap))ointed, and to retain the balance of a former grant, and Grant, 
also to receive a further grant, the amount of such further 
grant is to be estimated as being sufficient, together with 
the balance proposed to be retained, to make up the amount 
desired. • 

In making grants of money to Research Committees, the (c) CareaL 
Association does not contemplate the »payment of personal 
expenses to the Members. 

A Research Committee, whether or not in receipt of a 
grant, shall not Vaise money, in the name or under the auspices 
of the Association, without special permission from the General 
Committee. 

7. Members and Committees entrusted with sums of money Disjwsalof 
for collecting specimens of any description shall include in their 
Reports particulars thereof, and shall leserve the specimens scc. 

thus obtained for disposal, as the Council may direct. 

Committees are required to furnish a list of any ap- 
paratus which may have been purchased out of a grant made 
by the Association, and to state whether the apparatus is 
likely to be useful for continuing the research in question or 
for other specific purposes. 

All instruments, drawings, papers, and other property of 
the Association, when not in actual use by a Committee, shall 
be deposited, at the Office of the Association. 


* Amended by tlie General Committee at Dundee, 1912. 
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Constitution. 


Functions. 


Chapter V. 

The Council. 

1. The Council shall consist of ex officio Members and of 
Oixlmary Members elected annually by the General Coni- 
mitt^. 

(i) Tlie ex officio Members are — the Trustees, past Presi- 

dents of the Association, the President and Vice- 
Presidents for the year, the President and Vice- 
Pi-esidents Elect, past and present General Treasurers 
and General Secretaries, past Assistant General 
Secretaries, and the Local Treasurers and Local 
Secretaries for the ensuing Annual Meeting. 

(ii) The Ordinary Members shall not exceed twe^ity-five in 

number. Of these, not more than twenty shall have 
served on the Council as Ordinary Members in thti 
previous year. 

2. The Council shall have authority to act, in the name and 
on behalf of the Association, in all matters which do not con- 
flict with the functions of the General Committee. 

In the interval bc^bween two Annual Meetings, the Council 
shall manage the affairs of the Association and may All up 
vacancies among the General and other Officers, until the next 
Annual Meeting. • 

The Council shall hold such meetings as they may think 
fit, and shall in any case meet on the first day of the Annual 
Meeting, in order to complete and adopt the Annual Report, 
and to consider other matters to be brought before the General 
Committee. 

The Council shall nominate for election by the General 
Committee, at each Annual Meeting, a President and General 
Officers of the Association. 

Suggestions for the Presidency shall be considered by the 
Council at the Meeting in February, and the i^^mes selected 
shall be issued with the summonses to the Council Meeting in 
March, when the nomination shall be made from the names 
on the list. 

The Council shall have power to appoint and dismiss 
such paid officers as may be necessary to carry on the work 
of the Association, on such terms as they may from time to 
time determine. 
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3. Election to the Council shall take place at the same Blectiocs. 
time as that of the Officers of the Association. 

(i) At each Annual Election, the following Ordinary 
Members of the Council shall be ineligible for re- 
election in the ensuing year : 

(a) Three of the Members who have served for the 
longest consecutive period, and 
{h) Two of the Members who, })eing resident in or .near 
Ix>ndon, have attended the least number of meet* 
ings during the past year. 

Nevertheless, it shall l>e competent for the Council, by 
an unanimous vote, to reverse the proportion in the 
order of retirement above set foi*th. 

(ii) The Council shall submit to the General Committee, 
in their Annual Report, the names of twenty-three 
Mepil)er8 of the Association whom they recommend for 
election as Members of Council. 

(iii) Two Meml)ers shall lie elected by the Genenil Coiii- 
iriittee, without nomination by the Council ; and this 
election shall be at the same meeting as that at which the 
election of the other Members of the Council takes place. 

Any member of the General Committee may propose 
another member thereof for election as one of these two 
Members of Council, and, if only Jwo are so proposed, 
they shall be declared elected ; but, if more than two 
are so proposed, the election shall he by show of hands, 
unless five Members at least require it to be by ballot. 


Chapter VI. 

The President^ General Officers^ and Staff 

1. The President assumes office on the first day of the ThePresi- 
Annual Meeting, when he delivers a Presidential Address. 

He resigns qffice at the next Annual Meeting, when he 
inducts his successor into the Chair. 

The President shall preside at all meetings of the Associa- 
tion or of its Council and Committees which he attends in his 
capacity as President. In his absence, he shall be represented 
by a Vice-President or past President of the Association. 

2. The General Officers of the Association are the General General 

Treasurer and the General Secretaries. Officers. 
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It shall be competent tor the General Officers to aot| in 
the name of the Association, in any matter of oinenoy which 
cannot be brought under the consideration of the Council ; 
and they shall report such action to the Council at the next 
meeting. 

3, ^ The General Treasurer shall be responsible to the 
General Committee and the Council for the financial atTairs 
of the Association. 

4. * The General Secretaries shall control the general 
organisation and administration, and shall be responsible to 
the General Curoniittee and the Council for conducting the 
correspondence and for the genera] routine of the work of 
the Association, excepting that which relates to Finance. 

T). The Assistant Secretary shall hold office during the 
pleasure of the Council. He shall act under the direction 
of the General Secretaries, and in their aUence shall repre- 
sent them. He shall also act on the directions whicl) may 
be given him hy the General Treasurer in that part of his 
duties which relates to the finances of the Association. 

Tiie Assistant Seci'etary shall l)e charged, subject as afore- 
said : (i) with the general organising and editorial w*ork, and 
with the administrative bu.siness of the Association ; (ii) with 
the control and direction of the Office and of all persons 
therein employed ; and (iii) with the execution of Standing 
Orders or of the directions given him by the General Officers 
and Council. He shall act as Secretary, and take Minutes, at 
the meetings of the Council, and at all meetings of Com- 
mittees of the Council, of the Committee of Recommendations, 
and of the General Committee. 

6. The General Treasurer may depute one of the Staff, as 
Assistant Treasurer, to carry on, under his direction, the 
routine work of the duties of his office. 

The Assistant Treasurer shall be charged with the issue of 
3Iembership Tickets, the payment of Grants, and such other 
work as may be delegated to him. 


Chapter VII. 

Finance. 

1. The General Treasurer, or Assistant Treasurer, shall 
receive and acknowledge all sums of money paid to the 
Association. He shall submit, at each meeting of the 
Council, an interim statement of his Account; and, after 



June 80 ia eaoh he shall piepare and snbmife to the 
General (Committee a balance-i^eet of the Fonda of the 
Aaaooiation. " 

2» The Accoonta of the Association shall be audited, Audit 
annually, by Auditors appointed by the General Committee. 

^ 3. The General Treasurer shall make all ordinary pay- Kxpenditare. 

ments authorised by the General Committee or by the 
Council. 

4. The General Treasurer is empowered to draw on the Investments, 
account of the Association, and to invest on its behalf, 
part or all of the balance standing at any time to the credit 
of the Association in the books of the Bank of England, 
either in Exchequer Bills or in any other temporary invest- 
ment, and to change, sell, or otherwise deal with such tem- 
poraiy investment as may seem to him desirable. 

, 5. In the event of the General Treasurer being unable, Cheque-. 

^ froiif illness or any other cause, to exercise the functions of 
his office, President of the A&sociation for the time being 
and one of the General Secretaries shall be jointly empowered 
to sign cheques on behalf of the Ass(iciation. 


Chapter VIII. 

” The Annual Meetings. 

1. Local Committees shall be formed to assist the General Local Cfli- 
Officers in making arrangements for the Annual Meeting, and committees 
shall have power to add to their number. 

2. The General Committee shall appoint, on the recom- 
mendation of the Local Reception or Executive Committee for 
the ensuing Annual Meeting, a Local Treasurer or Treasurers 
and two or more Local Secretaries, who shall rank as officers 
of the Association, and shall consult with the General Officers 
and the Assistant Secretary as to the local arrangements 
necessary for the conduct of the meeting. The Local Treasurers 
shall be empowered to enrol Members and Associates, and to 
receive subscriptions. 

3. The Locid Committees and Sub-Committees shall under- Functions, 
take the local organisation, and shall have power to act in the 

name of the As^iation in all matters pertaining to the local 
arrangements for the Annual Meeting other than the work of 
the Sections. 
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Chapter IX. 

77ie Wfjrk of the Sectiofis, 

1. The scientific work of the Association shall be trans- 
acted under such Sections as shall be constituted from time 
to time by the General Committee. 

It shall be competent for any Section, if authorised by the 
Council for the time being, to form a Sub-Section for the 
purpose of dealing separately with any group of communica- 
tions addresse<l to that Section. 

2. There shall be in each Section a President, two or 
more Vice-Presidents, and two or more Secretaries. They 
shall be appointed by the Council, for eiich Annual 

ing in advance, and shall act as the Officers uf tilie Sc<‘tioii 
from the date of their appointment until the appoint- 
ment of their successors in office for the ensuing Annual 
Meeting. 

Of the Secretaries, one shall act as Recorder of the Section, 
and one shall be resident in the locality where the Annual 
Meeting is held. 

3. The Section Rooms and the approaches thereto shall 
not be used for any notices, exhibitions, or other purposes 
than those of the Assoiuation. 

4. The work of each Section shall be oonductcd by a 
Sectional Committee, which shall consist of the following 

(i) The Officers of the Section during their term of office. 

(ii) All past Presidents of that Section. 

(iii) Such other Members of the Association, present at 

any Annual Meeting, as the Sectional Committee, 
thus constituted, may co-opt for the period of the 
meeting : 

Provided altmys thoJt — 

(a) Any Member of the Association who has served on 

' the Committee of any Section in any previous year, 
and who has intimated his intention of being present 
at the Annual Meeting, is'^ eligible as a member of 
that Committee at their first meeting. 

(i) A Sectional Committee may co-opt members, as above 
set forth, at any time during the Annual Meeting, 
and shall publish daily a revised list of the members. 



tra WORE W TBm flK7X^C9p* 

(«) A^SMtifliuil CSonmittw iB»]r« at Wf time 4«iii^ tib ASSSmf'-'' 
Aimufl Meeting, appoint not mweilian t hi e epe reena ^^J****^ 
pfwmt at tlie meelit^ to be yioe*Preeidentooi tbe 
Section, in addition to thoee previooely aj^dnted 
by tbe Council. 
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6. The chief executive officers of a Section shall be the Xxscimva 
President and the Recorder. They shall have power to act on 
behalf of the Section in any matter of urgency which cannot 
be brought before the consideration of the Sectional Com- 
mittee ; and they shall report such action to the Sectional 
Committee at its next meeting. 

The President (or, in his absence, one of the Vice-Presi- Of President 
dents) shall preside at all meetings of the Sectional Committee 
or of the Section. His ruling bhall be absolute on all points 
of order that may arise. 

The Recorder shall be responsible for the punctual trans- 
* mission io«tiie Assistant Secretary of the daily programme of 
his Section, of the recommendations adopted by the Sectional 
Committee, of the printed returns, abstracts, reports, or papers 
appertaining to the procee^iings of his Section at the Annual 
Meeting, and for the correspondence and minutes of the 
Sectional Committee. 

6. The Sectional Committee shall nominate, before the 
close of the Annual Meeting, not more than six of its own 
members to be members of an Organising Committee, with 
the officers to be subsequently appointed by the Council, and 
past Presidents ef the Section, from the close of the Annual 
Meeting until the» conclusion of its meeting on the first day of 
the ensuing Annual Meeting. 

Each Organising Committee shall hold such meetings as 
are deemed necessary by its President for the organisation 
of the ensuing Sectional proceedings, and shall hold a meeting 
on the first Wednesday of the Annual Meeting : to nominate 
members of the Sectional Committee, to confirm the Pro- 
visional Programme of the Section, and to report to the 
Sectional Committee. 

Each Sectional Committee shall meet daily, unless other- 
wise determii^, during the Annual Meeting : to co-opt 
members, to complete the arrangements for the next day, and 
to take into consideration any suggestion for the advance- 
ment of Science that may be offered by a memlier, or may 
arise out of the proceedings of the Section. 

No paper shall be read in any Section until it has been 
accepted by the Sectional Committee and entered as accepted 
on its Minutes. 
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XVi RULES OF THE BRITISH iSSOCIATION. 

Ajuj report or paper read in any one Section may be read 
also in any other ^tion. 

No paper or abstract of a paper shaU be printed in the 
Annual Report of the Association unless the manuscript has 
been received by the Recorder of the Section before the close 
of the Annual Meeting. 

It shall be within the competence of the Sectional Com- 
mittee to review the recommendations adopted at preceding 
Annual Meetings, as published in the Annual Reports of the 
Association, and the communications made to the Section at 
its current meetings, for the purpose of selectmg definite 
objects of research, in the promotion of which individual or 
concerted action may be usefully employed ; and, further, to 
take into consideration those branches or aspects of knowledge 
on the state and progress of which reports are required : to 
make recommendations and nominate individuals or Research 
Committees to whom the preparation of such reports, jor the task 
of research, may be entrusted, discriminating as to whether, 
and in what respects, these objects may be usefully advanced 
by the appropriation of money from the funds of the Associa- 
tion, whether by reference to local authorities, public institu- 
tions, or Departments of His Majesty’s Government. The 
appointment of such Research Committees shall Ije made in 
accordance with the provisions of Chapter IV. 

No proposal arising out of the proceedings of any Section 
shall be referi^ to tlie Committee of Recommendations unless 
it shall have received the sanction of the .Sectional Com- 
mittee. . 

7. Papers ordered to be printed in fixtemo shall not be 
included in the Annual Report,, if published elsewhere prior 
to the issue of the Annual Report in volume form. Reports 
of Research Committees shall not be published elsewhere 
than in the Annual Report without the express sanction of 
the Council. 

8. The copyright of papers ordered by the General Com- 

mittee to be printed in extemo in the Annual Report shall 
be vested in the authors ; and the copyright of the reports 
of Redbarch Committees appointed by the General Committee 
shall be vested in the Association. " 



ADM18810N OK MEMBBB8 AND ASSO0ATE8. . XVij 


Chapter X. 


AdmUdon of Members and Associates. 

1. No technical qualitication shall be required on the 
part of an applicant for admission as a Member or as an 
Associate of the British Association ; but the Council is 
empoweredi in the event of special circumstances arising, to 
impose suitable conditions and restrictions in this respect. 

* Every person admitted as a Member or an Associate 
shall conform to the Rules and Regulations of the Association, 
any infringement of which on his part may render him liable 
to exclusion by the Council, who have also authority, if they 
think it necessary, to withhold from any person the privilege 
of attending any Annual Meeting or to cancel a ticket of 
admission already issued. 

It shall be competent for the General Officers to act, in 
the name of the Council, on any occasion of urgency which 
cannot be brought under the consideration of the Council ; 
and they shall report such action to the Council at the next 
Meeting. 

2. All Members are eligible to any office in the Association, 

(i) Every Life Member shall pay, qn admission, the sum 

of Ten Founds. 

life Members shall receive gratis the Annual 
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(ii) Every Annual JLember shall pay, on admission, the 
sum of Two Pounds, and in any subsequent year 
the sum of One Pound. 

Annual Members shall receive gratis the Report 
of the Association for the year of their admission 
and for the years in which they continue to pay, 
without intermission^ their annual subscription. An 
Annual Member who omits to subscribe for any 
particular year shall lose for that and all future 
years the privilege of receiving the Annual Reports 
of tlio Association gralis. Qe, however, may resume 
his other privileges as a Member at any subsequent 
Annual Meeting by paying on each such occasion 
the sum of One Found. 

(iii) Every Associate for a year shall pay, on admission, 
the sum of One Pound. 


* Amended by the General Committee at Dublin, 1908. 

1914. 
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XViii KULE8 OF THE BRITISH ABSOCIAflON. 

Associates shall not receive tho Annual R< port 
gratuitously. They shall not be el igible to serve on 
any Committee, nor be qualified to hold any office, in 
the Association. 

(iv) Zadistf may become Members or Associates on tho 
same terms as gmitlemen, or can obtain a iiody’s 
Ticket (transferable to ladies only) on the payment 
of One Pound. 

8. Corresponding Members may be appointed by the 
Qeneral Committee, on the nomination of the CounciL They 
tiiaU be entitled to aU the privileges of Membership. 

4. Subscriptions are payable at or before tbe Annual 
Meeting. Annual Members not attending the meeting may 
make payment at any time before the close of the financial 
year on June 30 of the following year. 

5. The Annual Report of the Association shall be forwarded 
(jratis to individuals and institutions entitled to receive it. 

Annual Members whose subscriptions have been inter- 
mitted shall \ye entitled to purchase the Annual Report 
at two-thirds of the publication price ; and Associates for a 
year shall he entitle<l to purchase, at the same price, the 
volume for that year. 

V^'olumes not claimed within two years of the date of 
publication can only W issued by direction of the Council. 


CilAPTKK XI. 

Corresponding Societies: Conference of Delegates. 

Corresponding Societies are constituted as follows : 

1. (i) Any Society which undertakes local scientific inves- 
tigation and publishes the results may become a 
Society affiliated to the British Association. 

Each Affiliated Society may appoint a Delegate, 
who must be or become a Member of the Associa- 
tion and must attend the meetings ot the Conference 
of Delegates, He shall be ex officio a Member of 
the General Committee. 

(ii) Any Society formed for the purpose of encouraging 
the study of Science, which has existed for three 
years and numbers not fewer than fifty members, 
may become a Society associated with the British 
Asmiation. 



COKKK.SP< >NDING SOClirnKB : CONFERENCK OF DEtEGAtES, xix 

Each Anociated Society aball have the right 
to appoint a Delegate to attend the Annual Con* 
ference. Such Delegates must be or become either 
^ Members or Associates of thb British Aasociationi 
and shall have all the rights of Delegates appointed 
by the Affiliated Soeieti^ except that of member* 
ship of the General Ootnmfttee» 

2. Applicarioh may be made by any Society to be pbchd AipHcaUcar* 
on the list of Correspcmding Societies. Snch appHcaticn diilii 

be addressed to the Assistant Secretary on or before the 1st of 
Junf^ preceding the Aimoal Meeting at which it is intended 
it should be considered^ and musti in the case of Societietf 
desiring to bo affiliated, be accompanied by specimens of the 
publications of the results of local scientific investigations 
recently undertaken by the Society. 

3. A Corresponding Societies Committee shall be an* Cobue* 
nually nominated by the Council and appointed by the 

General Committee, for the purpose of keeping themselves committee. 
generally informed of the work of the Corresponding Socie* 
ties and of superintending the preparation of a list of the 
papers published by the Affiliated Societies. This Com- 
mittee shall make an Annual Report to the Council, and 
shall .sugge.st such additions or changes in the list of Corre- 
sponding Societies as they may consider desirable. 

(i) Kach Corresponding Society shall forward every ye«ir Procedure, 
to the Assistant Secretary of the Association, on or 
Ijefore June 1, such particulars in regard to the 
Sooiety*as may be required for the information of 
the Corresponding Societies Committee. 

(ii) There shall be inserted in the Annual Report of the 
Association a list of the papers published by 
the Corresponding Societies during the preceding 
twelve months which contain the results of local 
scientific work conducted by them — those papers 
only being included wliich refer to subjects coming 
under the cognisance of one or other of the several 
Sections of the Association, ^ 

4. The Delegates of Corresponding Societies shall consti- Cokpbbbncb 
tute a Conference, of which the Chairman, Viee-Chaiiinan, 

^ ^ GATJC8. 

and Secretary or Secretaries shall be nominated annually by 
the Council and appointed by the General Committee. The - 
members of the Corresponding Societies Committee shall be 
ex officio members of the Conference. 

(i) The Conference of Delegates shall be summoned by Procedureand 

the Secretaries to hold one or more meetings during 

a 2 
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Alterations, 


each Annnai Meeting of the Aesot iation, and ahall 
be empowered to invite any Member or Auoctate 
to take part in the dieonesipns. 

(ii) The Conference of Delegatei ahall be empowered to 

eatoit ReeoIttUona to the Committee , of Beoon# 
mendatdons for 1h^ ooniddtHmtiGtb and fw 
to the Qeheral Oommittoe. 

(iii) The 8eeUonaI GommitteOe of the AeaoeiatkMi aludt 

be requested to taransmit to the Seeretariee (M tim 
Conference of Delegates doplesof Any reomniMmd^ 
tions to be made to tiie Genend Committee het^g 
on matters in which the co-operation of Cwrre* 
spending Societies is desirable. It shall be com- 
petent for the Secretaries of the Conference of 
Delegates to invite the authors of such recom- 
mendations to attend the meetings of the Conference 
in order to give verbal explanations of their obi(>ct8 
and of the precise way in which they desire these 
to be carried into effect. 

(iv) It shall be tlie duty of the Delegates to make 

themselves femiliar with the purport of the several 
recommendations brought before the Conference, 
ill order tliat they may be able to bring suck re- 
commendations ade«iutitely before their respectiie 
Societies. 

(v) The Conference may also discuss propositions 

regarding the promotion of moip systematic ob- 
servation and plans of operatiop, and of greater . 
uniformity in the method of publishing results. 

CaAPTKR XII. 

Anundtnenls and New Bidet. 

Any altentioDS in tiie Buies, and any amendments 
or new Buies that may be proposed by the Council or 
individual Members, shall be notiiied to the General Com- . 
mittee on the first day of the Annual Meeting, and referred 
forthwith to the Committee of Becommendations ; and, on the 
report.of that Committee, shall !)» submitted for approval at 
the last meeting of the General Committee. 



TEUSTEDES, GENERAL OEHCEBS, &c., 188 W 914 . 


TBV8TXB8. 


1838-70 (Sir) ft 1. Mobobim* (Bart.), 
ftftft ' 

1888-03 Joair TAviiUbBtqrt ftftS. 
1888-M 0. BABBaaa,|liqvF.ft8. 
188M« r. BAnir, . 

18444 S ltw.O.FlAOOOK,Fft& r 
1868-83 Ctaenl ft SABlXft FftS. 
1883-81 SirftlttlBSOftBui^FJIft 


1873- /Sit J. Lmnocx, Bart, (after- 
1818 i «aidfi:iOi!dATXMtt)!)8FJI.8. 
1881-88 V. 8n>n»iro(Miiii; fm. 
ftS. 

•1888- LocdftlzUBUftrjftS, 
188848 BIr Lrov (iAefMirtb L«d) 
FUmift ft&ft 

1898- Plme.0»t)ftV.B0caaB.Fft8. 
1818- llajor P. A. MAOlfttMir.FftS. 


1881 ' JoxATBAir Obat, Bn. 

1832--62 JOHii TAf LOB, F.Ril. « 

,1862-74 W. 8rarTlBWOODB,S8q.,F.R.Se 
1874-91 Fh>f. A. W. WiLLUlfSOB. FJtS. 


OENBRAL TRBASDBEB8. 


1891-98 A. We Mom, 

1898-1904 Prof. 0. C fomat, FJB.Se 
1904- Prof. John ?wat, F.B«8. 


GENERAL SECHFTARIES. 


1832.35 Rev. W. Vbbnon HarcoUBT, 
F.R.S. 

1835-36 R8v. W. Vrrkon Harcourt, 
F.R.8., and F, Baily, Esq., 
F.R.S. 

1836.37 Rev. W. Vkbnon Harcourt, 
F.H.Sm and R. 1. Murchison, 
Esq., F.R.S. 

1837-39 R. L MURCHISON, Esq., F.R.S., 
and Rev. G, Peacock, F.B.S. 

1839.45 Sir R. I. MuRCHlJiON, F.R.S., 
and Major E. Sabinr, F.R.S. 

1845-60 Lieut.-Colonel £.Sabin]S,F.R.S. 

1850-62 General E. aSabinr, F.K.S., and 


1871- 72 Dr.T.TH0M80N,F.aS.,andCapt. 

Douglas Galton, F.R.8. 

1872- 76 Capt. D. Qaltok, F.E.S., and 

Dr. Michael Foster, F.R.S. 
» 1876-81 Capt. D. Galton, F.R.S., and 
! Dr. P. L. SCLATBB, F.B.S. 

1881-82 Capt. D. Galton, F.R.S., and 
I Prof. F. M. Balfour, F.B.S. 

I 1882-83 Capt. DOUGLAS Galton, F.R.S. 
; 1883-95 Sir DOUGLAS GALTON, F.R.S., 
! and A. G. Vernon Harcouut» 

Esq., F.R.S. 

1895-97 A. G. Vernon Hakcourt, E sq., 
I • F.R.S., and Prof. B. A. 


J. F. Koylk, Esq., F.K.S. 

1852- 53 J. F. Royle, Ksq., F.R.S. 

1853- 59 General E. Sabine, F.K.S. 
1869-61 Prof. R. WALKER, F.R.8. 

1861- 62 W. Hopkins, Esq., F.R S. 

1862- 63 W. Hopkins, Esq., F.R.S., and 

Prof. J. Phillips, F.R.S. 

1863- 65 W. Hopkins, Esq., F.H.S., and 

F. Galton, Ksq., i\R.S. 

1865- 66 F. Galton, Esq., F.R.S. 

1866- 68 F. Galton, Esq., F.R.S., and 


Schafer, F.R.$. 

1897- f Prof. Schafer, F.R.S., and Sir 
1900 { lV.C.ROB£BTS-AUSTEN,FJi.S. 
1900-02 Sir W. C. RoBBRTS-AuSTEKr 
F.B.S., and Dr. D. H. Scott, 
F.B.S. 

1902- 03 Dr. D. H. Scott, F.R.S., and 

Major P. A. M acM AHON, F.R.S. 

1903- 13 Alajor P. A. MacMaron, F.R.S., 

and Prof. W. A. Hebdman, 
F.R.S. 


Dr. T. A. Hirst, F.R.S. 1913- Prof. W. A. Hebdhan, F.R.S., 

1868-71 Dr. T. A. Hirst, F.R.S., and Dr. and Prof. H.H.Tcrneb,F.B.S. 

T. Thomson, F.R.S. 


ASSISTANT GENERAL SECRETARIES, &c.: 1831-1904. 


1831 John Phillips, Esq., Secretary, 

1832 Prof. X D. Fobbes, Acting 

Secretary, 

1832-62 Prof. John Philups, F.R.S. 
1862-78 G. Griffith, Esq., M.A. 

1881 G. Griffith, Esq., M.A., Acting 

Secretary, 


1881-85 Prof. T. G. BONNEY, F.R.S., 
Secretary, 

1886-90 A. T. Atchison, Esq., M.A., 
Secretary, 

1890 G. Griffith, Esq., M.A., Acting 

Seeretary, 

1890-1902 G. Griffith, Esq., M.A. 
1902-04 J, G. Gabson, Esq., M.D. 


ASSISTANT SECRETARIES. ^ 

1878-80 J. E. H. Gordon, Esq., B.A. | 1909- 0. J. R. Howarth, Esq., JM.A. 

1904-09 A. Silva White, Esq. I 



zxii PBEaiDENTS AND 8ECKmBlE» OP SECTIONS (1 901-1 S). 


Prendenis arid Seci'etariea of th$ SeeHono of the Aasoeiation, 
» 1901 - 1918 . 

(TTie List of Sectional Otlicers for lt)U will be found on i». xlvi.) 


Date and Place 


SECTION A.»-~MATHEMATICS AND PHYSICS. 

19UL Glasgow MajorP. A. MacMabon,F.K.S. H. 8. Carslaw, 0. H.Lees (y/ifc), W. 

— flf Athwumpf Prof. Stewart, Prof. L. R. Wilberforce. 

H. H. Turner. K.R.S. 

1902. Belfast Prof. J.Pareer.LL.D.,M.B.I.A. II. S. Carslaw. A. R. Hiiiks, A. 

—Diyt. of Astr(W4Wiy, Prof. I^armor. C. H. l..ees Prof. 

A. Schuster. F.R.8. W. B, Moitoc, A. \V. Porter. 

1903. Southport 0. Vernon Boys, F.R.8.-— D. K. Benson. A. K. Hinks, K. W. 

o/ Adronomy and Meteor^ H. T. Hudson. Dr. *0. II. 
^%^,Dr. W. N. Shaw.F.R.S, ( Rei\\ J. Loton, A. W. Porter. 

1904. Cambridge Prof. H. Lamb, F.R.8.->5wft- A. R. Hinks. 11. W. H. T. Hudson, 

iSevtim of Adronomy and Dr. C. H. Lees (iirr.). Dr. W. J. 8. 
(Josmical Phyda, Sir J, Lockyer, A. W. Porter, W. (’ l>. 
Eliot, K.C.I.E., F.R.S. Whetham. 

1905. SouthAfrica Prof. A. R. Forsyth. M.A., A. B. Hinks, 8. S. Hough, R. T. A. 

F.R.S. Innes, J. H. Jeans, Dr. ('. H. Lce.> 

{liee.). 

^ 1906. York Princiiial K, H.Uriffiths.F.R.S. Dr. L. N. 0. Filon, Dr. J. A. Harker, 

A. R. Hinks, Prof. A. W. Porter 
« {Rec.), H. Dennis Taylor. 

1907. Leicester... Prof. A. K. H. Love, M.A., K. K. Brooks, Dr. L. X. (i. Filon, 

F.RS. Dr. J. A. Harker, A. U. Hinlw, 

Prof.A. W. PoVer(/A(V.). 

1908. Dublin Dr. \V. N. Shaw, F.B.S Dr. W. G. Duffield, Dr. L. N. G. 

Filon, B. Gold, Prof. J. A. 
McClelland, Prof. A. W. Porter 
(Rep . >, Prof. E. T. Whittaker. 

1909. Winnipeg Prof. K. Rutherford, F.R.S.... Prof. F. Allen. Prof. J. C. Fields, 

? . E. Gold, F. Horton. Prof. A. W. 

Portcr(/^e.), Dr. A. A. Rambant. 

; 1910. Sheffield ... Prof. E, W. Hobson, F.R.S... . H. Bateman, A. S, Eddington, B. 

■ ^ Gold, Dr. F. Horton, Dr. 8, R. 

; I Milner, Prof. A. W. Porter (Uee.), ‘ 

1911. Portsmouth Prof. H. H. Turner, F.R.S. ... ; H. Bateman, Prof. P. V. Bevan, A. 8. 

\ i Eddington, E. Gold, Prof. A. 

i Porter (/fen.), P. A. Yapp. 

. 1912. Dundee ... Prof. H. L. Callendar, F.R.S. Prof. P. V. Bevan, K. Gold, Dr. H. B. 
f j , Hey wood, 11, Prof. A. W. 

I Porter W. G. Robson, F. 

i : J. M. Stratton. 

1918. Birmingham' Dr. H. F. Baker, F.R.S Prof. P. V. Bevan (Reo,), Prof. A, 8. 

j Eddington, S. Gold, Dr. H. B. 

I Heywood, Dr. A. 0. Rankine, Dr. 

‘ G. A. Shakespear. • 


* Section A waa constituted under this title in 1886 , when the sectional division 
was introdoced. The previous division was into * Committees of Sciences.' 


Presidents 


Secretaries 
(/7^'c. = Recorder) 



PRESIDENTS iND SBCBETARIES OF SBCTK»I8 ( 1901 - 18 ), !»» 


Date and Place . Preeldente 


Seeretades 

(/{ec.sBeooider) 


1901. 

1902. 

1903. 

1904. 

1905. 

1906. 

1907. 

1908. 

1909. 

1910. 

1911. 

1912. 

1913. 


Southport 

Cambridge ; Prof. Sydney Young, F.R.S.. 


South Africa : George T. Beilbj 


York Prof. Wyndham R. Dunetan, 

• F.R.S, 


Leicester... 


Prof. A. Smithells, F.R.8. 


SECTION B.«-.CHEMISTRy. 

Glasgow ...I Prof. Percy F. Frankland,, W. C. Anderson, G. G. Henderson, 
‘ F.R.a ! W. J. Pope, T.K. Rose (ifec.). 

Belfast I Prof. E, Divers, F.R.S ;R. F, Blake, M. O. Forster, Prof. 

\ G. G. Henderson, Prof. W* J. Fbpe 
1 (Bee,y 

Prof. W. N. Hartley, D.Sc.,;Dr. M. 0. Forster, Prof. G. G. Hcn- 
F.R.S. ( derson, J. Ohm, Prof. W. J. Pope 

(Jiee*y 

Dr. M. 0. Forster, Prof. G. G. Hen> 
derson, Dr. H. 0. Jones, Prof. 
W. J. Pope (Jlec.). 

W. A. Caldecott, Mr. M. 0. Forster, 
Prof. G. G. Henderson (JUe,), C. F. 
Jnritz. 

Dr. E. F. Armstrong, Prof. A.W. Cross* 
ley, S. H. Davies, Prof. W. J. Pope 
(Rec.), 

Dr. E. F. Armstrong, Prof. A, W. 
Crossley {Rec.y J. H. Hawthorn, 
Dr. F. M. Perkin. 

Dublin ‘ Prof. F. S. Kipping, F.R.S. ... Dr. E. F. Armstrong (/?«?.), Dr. A. 

j McKenzie, Dr. F. M. Perldn, Dr. 

! . J. H. Pollock. 

Winnipeg... ; Prof. H.E. Armstrong, F.R.S. Dr. E. F. Armstrong (ASft*.), Dr. T. 

1 ; M. Lowry. Dr. F.M. Perkin, J.W. 

i ; Shipley. 

Slicffield ... IJ. E. Stead, E.R-S. ..iDr. B. F. Annstrong {Rte.), Dr. 'f. 

I 5 M. LowTy, Dr. F. M. Perkin, W. 

I ; E. S. Turner. 

*Sub>sectwn of «/*< — . Dr. C, Crowther, J. Golding, Dr. 

. A. D. Hall, F,R,S. ; E. J. Russell. 

Portsmouth ! Prof. J. Walker, F.U.8 . Dr, £. F. Armstrong Dr. 

! 0. H. Descb, Dr. T. M. Lowry, 

1 Dr. F. Beddow. 

Dundee ...iProf. A. Senier, M.D jDr. B. F. Armstrong (Ree.y Dr. C. 

\ H. Desch, Dr. A. Holt, Dr. J. K. 

. Wood. 

Birmingham! Prof. W. P. Wynne, F.R.S. ... ; Dr.E. F. Armstrong {Rec.% Dr. C. H. 

! j Desch, Dr. A. Holt. Dr. H. 

I McCombie. 


SECTION C.3-- GEOLOGY. 

1901. Glasgow John Home, F.E.S H. L. Bowman, H. W. Monckton 

(Aw). 

1902. Belfast Lieut.-Gen. 0. A. MoMahou, H. L Bowman, H. W. Monckton 

F.R.S. L St J. PhilUps, H. J. 

Seymour. 

1903. Southport Prof. W. Watts, M.A.. H. L. Bowman, Rev. W. L. Carter, 

M.Bc. i- Lomas, H. W, Monckton (i?se.). 


* < Chemistry and Mineralogy,’ 1833-1894. 

* ' Geology and Geography,’ 1883-1830. • 



anomAUis (mp siqttoiia ( 1801 - 18 ). 
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1904, Cambridge 

Aubrey Strahan, F.11S. ...... 


1906.SoiiUiAftica 


Prof. H. A. Mien, M«A., B.80., 
F.R.S. 

G, W. Lauiplugb, F.B.8. ...... 

1907. Leicester... Prof. J. W. Gregoiy, F.R.S.... 


1906. York 


1908. Dublin.. 


Prof. John Joly, F.R.S. 


1909. Winnipeg... 

■ F.R.S. 

1910. Sheffiehl ... Prof. A. P. Coleman, F.R.S.. 

1911. Port.sraouth A Harker. F.R ,S 

1912. Dundee ...^ Dr. B. X. Peach, F.n.S. ... 

I 

1913 Birmingham Prof E J. Garuotid, M.A. 


Recorder) 


H. L. Bowman (UeeX Rev. W. L. 

Carter, J. Lomas, 11. Woods. 

H. L. Bowman (/fee.), J. Lomas, Dr. 
Molengiaaif, Prof. A. Young, Prof. 
K. R. Young. 

U. L. Bowman {Ilefi.), ReV. W. h. 

Garter, Rev. W. Johnson, J. Lomas. 
Dr. F. W, Bennett, Rov. W. L, Carle) , 
Prof. T. Groom, J. Ijomas (//><*.) 
Rev. W. L. Carter, J. J^imas (7/ee.), 
Prof. S. H. Reynolds, H. J. Sey- 
mour. 

Dr. A. Smitl) Wooduanl, W L. (‘arterf/f#*^.),Dr A.R.I)werry* 

hout-e, U. T. Hodgson, Prof. S, H. 
Reynolds. 

W. L Carter ( /?ei«,). Dr. A. R. Dwerry • 
house, B Hobson, Prof. R. II. 
Reynolds. 

Col. i\ W. Bevis \\\ L. Carter (i?er- ), 
Dr. A. R. Dwerryhouse, Prof. S- 
H. Re}noI(ls. 

Prof. W. B. Boulton, A. W. R. Don, 
Dr. A. R. l>werryhousf» (7M‘.), 
Prof. S. 11. Reynolds. 

Prof. W. S. Boulton, Dr. A. K. 
Dwerryhouse (/f/r.), F. Raw, 
Pri'f S, H, Reynolds. 


SECTION D.<— ZOOLOGY. 


1901. Glasgow ... 

1902. Belfast 

1903. Southport 

1904. Cambridge 

1905. SouthAfrica 

1906. York J. J. Lister, F.R.S. 


Prof. J. Cossar Ewart, F.R.S. J. 0. Kerr (JUv,), Rankin, J. Y. 

Simpson. « 

Prof. G. B. Howes, F.R.B, ... Prof. J. G. Kerr. R. Patterson, J. Y, 

I Simpson 

Prof. S. J. Hickson, F.R.S. ... Dr, J. H. Ashworth, J. Rarcroft, 
{ A. Quayle, Dr. J. Y. Simpson 
Dr. U. W. M. Tims. 

William Bateson, F.R.S Dr. J. 11. Ashworth, L. Doncaster, 

i Prof. J. Y. Simpson {JfccX Dr. H. 
W. M.Tims. 

G. A. Boulenger, F.B.S Dr. Pakes, Dr. Purcell. Dr. H. W^ M. 

Tims, Prof. J. Y. Simpson {Bee.). 
Dr. J. 11. Ashworth, L. Doncaster, 
Oxley Grabharo, Dr. H.W. M. Tims 

Dr. W. K. Hoyle, H.A 'Dr. J. H* Ashworth, L, Doncaster, 

} R. B. Lowe, Dr. H. W. M. Tims 

I ' 

Dr. S. F. Harmer, F.R.S Dr. J, H. Ashworth, L. Doncaster, 


1907. Leicester .«• 

1908. Dublin 

1909. M"innipeg...iDr. A. E. Shipley, F.R.S. 


Prof. A. Fraser, Dr. H. W. M. Tims 
'* {BeeX 

C. A. Bacagar, 0. L. Boulenger, Dr. 
J. Pearson, Dr. H, W. M. Tims 
(BeeX 


* * Zoology and Botany,* 1835-1847 ; 'Zoology and Botany, including Physiology,’ 
1848-1865; ‘Biology; 1866.1894. * 



V . ^ ‘ ^i^'i i; " /''* ‘ 


OatfluKl Place 


Praildaiitc 


(Jbe.«iBacoi4etr) 


1910* ShefBcId ... Pro!. G. C. Bonmc, P.R.8. «.# Dt, J. H. AahwrtbtX'- IMocaater, 

T. J. Evans, 0r.H.W. H. Tim 
(Ree.), 

1911. Fortamoath Prof, D’Aroy W. Thompson, Dr. J. H. Ashworth, C. Foran, R. D. 

C.B. UuHe, Dn H. W. M. Ttms(/2rc.). 

1912. Dundee ... Dr. P. Chalmers Mitchell, Dr. J. H. Ashworth, B. D. T^urie, 

F.R.H. Miss D. L. Uackinnon, Dr H. W. 

M. Tims (ffrr,).. 

191H. Birmingham Dr. H. F.Gadov^, K.K.8.......< Dr. J. H. Ashworth, Dr. U. L. 

, Bouienger, R. D. Laurie, Dr. H. 
W. M. Tims (Her,). 


SECTION E.^-GEOGRAPHY. 

Ii»0l. Glasgow ...’Dr. H. R. Mill, F.R.G,S IH. X. Dickson (Rec ), E. Heawood, 

< G. Satideman, A. C. Turner. 

1902. Belfast ‘8ir T. H. Holdich, K.C.B. ... G. G. Chisholm (Rrr,), £. Heawood. 

I ! Dr. A. J. Herbertson, Dr. J. A. 

j Lindsay. 

1903. Southport... Capt. B. W. Creak, ItN., C B., 1 E. Hcaarood (/Zee.), Dr. A. J. Her- 

F.JI.S. bertsoo, K. A. R^ves, Capt. J. C 

Underwood, 

1901. Cambridge Douglas W. Kreshficid E. Heawood (/Zrr.). Dr. A. J. Herbert- 

son, H. Y. OJdluim, E. A. Reeves. 
190.>. South Africa Adm. Sir W. J. L. ^Tiarton, A. H. Cornish -Bowden, F Flowers, 
R.N., K.C.B.. F.R.S. Dr. A. J. Herbertson (Rer.), H. Y 

Oldham. 

1906. York Rt. Hon. Sir George Goldie, £. Heawood (Ree,% Dr. A. J. Her- 

K.C.M.G., F.R.S. bertsoD, E. A. Reeves. O. Yeld. 

1907. Leicester ... George G. Chisholm, M.A. E. Heawood (ifcc.), 0. J. R. How- 

arth, £. Ar Reeves, T. Walker. 

1W8 Dublin Major E. H. Hills, aM.G., W. F. Bailey, W. J. Barton, 0. J. R. 

K.E. jff Howartb (Ree,)^ E. A. Reeves. 

1909 Winnipeg... Ool.SirD.John8lon,K.C.M.G., G. G. Chisholm (Rec,), J. 3fcFar- 
C.B., K.E. lane, A. McIntyre. 

1910. Sheffield ... Prof. A. J. Herbertson, M.A., Rev. W. J. Barton (Ree.), Dr. B. 

Ph.D. Brown, J. McFarlane, B. A. Reeves. 

1911. Portsmouth Col. C. F. Close, R.E., C.M.G. J. McFarlane (TZcc.), E. A. Reeves, 

W. P. Smith. 

1912. Dundee ..Col. Sir C. M. Watson, Rev. W. J. Barton J. McFar- 

K.C.M.G. lane, E. A. Kee>e>, D. Wylie. 

191,3. Birmingham Prof. H. N Dickson, D.Sc. ... Rev W. J. Barton (Rec ), P. E. Mar- 

tineau, J. McFarlane, E. A. Recve^. 


SECTION ECONOMIC SCIENCE AND STATISTICS. 

1901. Glasgow ... Sir R. Qiffen, K.C.B., F,R.S. W. W. Blackie, A. L. Bowley, E. 

I ‘ Cannan (Rec,), S. J. Chapman. 

1902. Belfast ...'B. Cannan, M. A., LL.D A. L. Bowley {Ree,), Prof, S. J. 

Chapman, Dr. A. Duffin. 


Section E was that of ‘Anatomy and Medicine,’ 1835-1840; of ‘Physiology* 
(afterwards incorpojmted in Beotion D), 1841-1847. It was R^signed to * Geography 
and Ethnology/ 18FI-1868 ; ‘Geography,’ 1869. 

^ ^ ‘ Statistics/ 1835-1865. 


TWEsmnim ano secobtawes of sections (1901-18). 


BttUiaildFUwe 


Pmideiiti 


IMS Soi^poit j£.W.B!iib¥ook«C.B. 


1904. Cambridge 


Prof. Wm. Smart, LL.D. . 


saoxetariM 

(NSi^.vBepordar) 


[ A. L. Bowto (ilnr.)* 8. J. 

Obai^an, Dr. B. W. Glaetmrg» 0* 
Lloyd. 

jj. £. Btdwell, A. L Bowley 
Prof. 8. J. Chapman, Dr. B. W. 
j j Oinsbnrg. * v 

1905. South Africa (Rev. \V. Caiiningham, D.D.,,R. AAbabi5lton,A, L. Bowley 

1 , D.Sc. ? Prof, H, E. 8, Fremantle, II. O, 

I i Meredith. 

1906. York... |A. L. Bowloy. M.A Prof. S. J. Chapman (/f^.), D. H. 

Macgiegor, H. O. Meredith, B. 
I 8. Rowtttree. 

1907. Leicester... ; Prof. \V, J. Ash lc3\ M..A Prof. S. J. Chapman (//«»<?.), D. H. 

Macgn^r, If. O. Meroiiith, T. 8. 
Taylor. 

1908. Dublin W. M. Acworth, M.A SV. O. 8. Adams, Prof. S. J. Chap- 

man (/?«'<?.), Prof. D. H, Macgre- 
gor, H. 0. Meredith. 

Sub-m'tio/t of Affrten^fnre — A. I). Hall, Prof. J, Percivat, J. H. 
Kt. Hon. Sir H. Plunkett. Priestley, Prof. J. Wilson, 

1909. Winnipeg... Prof. S. .1. Chapman, M.A. ... Prof. A. B. Clark, Dr, W. A. Mana- 

ban, Dr. W. K. Scott (Itee.). 

1010. Sheffield ... Sir H. JJewcllyn Smith, C. R. Fay, 11. O. Meredith (/M*.), 
K.C.B., M.A, Dr. W. B. Scott, B. Wilson. 

1911. Portsmouth Hon. W. Pember Reeves...... C. B. Fay, Dr, W. R. Scott (//^r.). 

If. A. Stibbs. 

1912. Dundee , Sir H.H. C'unynghame, K.C.B. C. R. Kay, Dr. W. It. Scott (//er.), E. 

; Tosh. 

1913. Birmingham Rev. P. H. Wicksteetl, M.A. C. R. Fay, Prof. A. W, Kirkaldy, 

Prof. H. 0. Meredith. Or. W. R. 

, Scott (JRfio.). 


SECTION G, '—ENGINEERING. • 

f 

1901. Olasgow ... K. E. Crompton, M.InstC.B. H.BamfoTd,W. K. Dalby.W. A. Price 

(Reo.). 

1902. Belfast ... f Prof. J. Perry, F.B.S M. Barr, W. A. Price {Rec.), J. Wylie. 

1908. Southport fC. Hawkslcy, M.Inst.C.E. ... Prof. W. B. Dalby, W. T. Maccall, 

W. A. Price (/fw.). 

1904. Cambridge Hon, C, A. Parsons, F.B.S. ... J. B.Peace,W.T, Maccall, W. A. Price 

, (/fee.). 

1905. SoathAfrica Col. Sir C. Scott-Moncrieff,iW.T. Maccall, W.B. Marshall (/f^r.), 

O.O.S.I., K.G.M.O., R.E. i Prof. H. Payne, E. Williams. 

1906. York J. A. Ewing, P.R.8 iW. T. Maccall. W, A. Price (R/o.), 

i J. Triffit. 

1907. Leicester... Prof. Silvanoa P. Thompson, -Prof. E. G. Coker, A. C. Harris, 

F.RS. i W. A. Price {Rec. \ H. K. Wimperis. 

1908. Dublin Dugald Clerk, P.B.S IProf.B.G. Coker, Dr. W. B. Lilly, 

; W. A. Price (ifeo.),H.B, Wimperis. 

1909. Winnipeg... Sir W. H. White, K.C.B.,iE.E.Brydone-Jaok,Prof.E.G.Coker. 

F.R.S. I Prof. B. W. Marchant, W. A. Price 

! iBee.). 

1910. Sheffield ..Prof. W. E. Dalby, M. A., F. Boulden, Prof. E. G. Coker (/fe<^), 

M.Inst.C.E. i A. A. Bowse, H. B. Wimperis. 

1911. Portsmouth Prof. J. H. Biles, LL.D.,|H. Ashley, Prof. B. G; Coker (Rec,), 

D.Sc. ! A. A. Bowse, H. E. Wimperis. 


’ * Mechanical Science,’ 1886-1900. 


PItl«IDeMT8 AND StBCRiTidiUiKS.O^ S|K3Til»t9 ((90^1^. 


Date tnd Flue | 
1012. Dundee »•« 
1913. Binningham 


Fkeiidenti 


.iii i i ^i i II I > ' i V |i> » i iiMF-i en 




Prof. A. Barr, D.8o. 




Brot B. Ge Cokor (BeeJ), A. B. Fnl- 
ton, H. Eioliardaoiig A. A. Rowte, 
' H. S. Wimpaiif . 

Prof. Qisbere Kapp, D.Bng.e.. Prof. B* G. Coto (ReeJ), J. Poner, 

A. Ae Bowse, H. B. ^mperis. 


SECTION H/-- ANTHROPOLOGY.. 

1901. Glasgow ... Prof. G. J. Cunningbam, W. Crooke, Prof. A. F. Dixon, J. F. 

F.B.8. Gemmill, J. L. Mjres {Rec.}. 

1902. Belfast ... Dr.' A. 0. Haddon, F.B.S. ... H. Campbell, Prof. A. F. Dixon 

J. L. Myres (Rec.). 

liK)8. Southport... Prof. J. Symington, F.R.S. ... E. N. Fallaize, H. S. Kingsford, 

E. M. Littler, J. L. Myres {Rec.), 

1901. Cambridge H Balfour, M.A VV. L. H. Duckworth, E. N. Fallaize, 

H. 8. Kingsford, J. L. Myres (Bee,). 
1905. SouthAfrica Dr. A. C. Haddon, F.R.S. ... A. R. Brown, A. von Dessauer, E. S. 

Hartland (Rec.). 

190tj. York E. Sidney Hartland, F.S.A.... Dr. G. A. Auden, E. N. Fallaize 

H. S. Klng&ford, Dr. F. C. 
Shrubsal). 

1907. Loicesfer .. D. G. Hogarth. M.A C. J. Billon, B. N. Fallaize (ItecX 

Jf. S. King.sford, Dr. F. C. Shrub- 
saJJ. 

J.908. Dublin Prof. lY. Ridge war, 3f.. 4. ... E. N. Fallaize (Ree,)» H. 8. Kings- 

ford. Dr. F. C. Shrubsali, L. K. 
Steele. 

Winnipeg... Prof. J. L. ifyres, M.A H. S. Kingsford (RecX Frol. C. J. 

Patten, Dr. F. C. Sbrubsall. 

1910. Sheffield ... W. Crooke, B.A E. N. Fallaize (Ree.), H. 8. Kings- 

ford, Prof. C. tl. Patten, Dr. F. C. 
Shrubsall. 

1911. Portsmouth AV. H. R. Rivers, M.D., F.R.8. E. N. Fallaize (Ree ), H. S. Kings- 

, ford, E. W, Martindell, H. Rundle. 

Dr. F. C. Shrubsall. 

1912. Dundee. ... Prof. G. Elliot Smith, F.R.S. D. D. Craig, E. N. Fallaize (i&r.), E. 

W. Martindell, Dr. F. C. Shrubsall. 
191K. Birmingham Sir Richard Temple, Bart. ... E. N. Fallaize (Ree.), E. W. Martin* 

dell. Dr. F. C. Shrubsall, T. Yeates. 


SECTION I »— PHYSIOLOGY (including Expkrimbntal 
Pathology and Experimental Psychology). 


1901. Glasgow ... 

1902. Belfast 
1904. Cambridge 


Prof.J.G.McKendrick,F.B.S. W. B. Brodie, W, A. Osbome, Prof. 

W. H. Thompson (Rec.). 

Prof. W. D. Halliburton, J. Barcroft> Dr. W. A. Osborne 
F,R.S. . (Rec.), Dr, C. Shaw. 

Prof. C. S. Sherrington, F.R.S. i J. Barcroft (Ree.), Prof. T. G. Brodie, 
i Dr. L. B. Shore. 


1905. SouthAfricalCol. D. Bruce, O.B.,F.R.S. .,.}J. Barcroft (Ree.)f Dr. Baumann, 

I j Dr. Mackenzie, Dr. G. W. Robert- . 

• .I ! son. Dr. Stanwell. 


• Established 1884. 


» Established J804. 



XXViii PRESIDENTS AND SECRETARIES OK SECmONS ( 1901 - 13 ) 


Date and i^lace ! 

. I 


Presidents 


Seoretaries 
(i2(?0.s Recorder) 


1906. York 'Prof. F. Gotch, F.R.B J. Baroroft (Jleo,)^ Dr. J. M. HamiB, 

j Prof*. J. 8. Macdonald^ Dr. D. S. 
t I Dong. 

1907. Leicester .. . Dr. A. D. Waller, F.R.S ; Dr. N. H. Alcock, J. Barcrott 

* Prof. J. S. Macdonald, Dr. A. 
‘ Warner, m 

1908. Dublin Dr. J. Scott Haldane, F.H.S. ' Prof. D. J. Coney, Dr. P. T. Herring, 

V Prof. J. 8, Macdonald, Dr. H. B. 

I Roaf {IteeX 

1909. Winnipeg.... Prof. E. H, Starling. F.RS....* Dr. N.H. Alcock Prof. P. T. 

I Herring, Dr. W. Webster. 

1910. Sheffield ... Prof. A. B. Macalluin, F.R.S. Dr. H. G. If; Henrv, Keith Lucas, 

Dr. H. B. Roaf (7fw.). Dr. J. Tuit. 

1911. Portsmouth Prof. J. S. Msicdonald, B.A. Dr. J. T. Leon, Dr. Keith Liu-as, 

Dr. H. E. Roaf (/Arc.), Dr. J. Tait. 

1912. Dundee ... Leonard Hill, F.R.S Dr. Keith Lucas, W. Moodie, Dr. 

H. E. Roaf (iZctf.), Dr. J. Tait. 

391.3. Birmingham Dr. F. Gowland Hopkins, C. L. Burt, Prof. P. T. Herring. Dr. 

F.R.S. r. O. Maitland. Dr. H. E. Hoaf 

{nee.)t Dr. J. Tait. 


SECTION K.’o—BOTANY. 

, 1901, Glasgow ... Prof. I. B. Balfour. F.R.S. ... D.T. Gwynne.Vaughau.G. K. Scott- 

Elliot, A. C. Seward (/f<?c.), H. 
Wageti 

1902. BelList ... Prof. J. R. Green, K.RS A. G. Tansley, Rev. C. H. Waddell, 

H. Wager {Bee.), R. H. Yapp. 

1903. Southport A. G. Seward, F.ILS U. Ball, A. G. Tanslev, II. Wager 

(/f/'c?.),R.H. Yapp. ' 

liM)4. Cambridge Francis Dar^vin, F.R.S. ...... Dr. F. F. Blackman, A. G. Tansley, 

Sub^section of A^untUvre — H. Wager ( Jlec ), T. B. Wood, R. H . 
Dr. W. Somerville. Yapp. * 

1905. South Africa Harold Wager, F.R.S R. P, Gregory, Dr. Marloth, Prof. 

Pearson, Prof, R. II. Yapp (Bee.), 

1906. York Prof. F. W. Oliver, F.R.S. ... Dr. A. Burtt, R. P. Gregory. Prof. 

A. G. Tansley Prof. R. H. 

1907. Leicester... Prof. JT. B. Farmer, F.R.S. W. Bell, R. 1*. Gregor}’, Prof. G. 

Tansley (Bee,), Piof. K. H. Vapp. 

1908. Dublin Dr. F. F. Blackman, F.B.S.... Prof. H. H. Dl.xon. B. P. Gregory, 

A. G. Tansley (Bee.), Prof. R. H. 
Yapp. 

1909. Winnip^... Lieut.-Col. D. Pmin, C.LE., Prof. A. H. B. Buller, Prof. D. T. 

F.R.S. Gwynne-Vaughan, Prof. H. H. Yapp 

ffub^iection of Agrieulture^ (Bee.). 

Major P. G. Craigie, O.B. W. J. Black, Dr. E. J. Russell, Prof. 
J. Wilson. 

1910. Sheffield ... Prof. J. W. H. Trail, F.R.S B. H. Bentley, R. 4’. Gregory, Prof. 

D. T. Gwynne- Vaughan, Prof. 

B. dL Yapp (ifae.). 

1911. Portsmouth Pfof. F. E. Weiss, D.Sc C. G. Delahnnt, Prof. D.T. Gwynne- 

Vaughan, Dr. C. E. Moss, Prof. 
R. H. Yapp (Bee,), 

Sulhieotion of Agriculture^ J, Golding, H* R. Pink, Dr. E. J. 
W. Bateson, M.A., F.E.S. Russell. 


Established 1805. 



PRE8IDKNT8 AMD SECRBTABISB OF SECTIONS ( 1901 - 13 ). XXix 


Date and Place ; . Presidents 


dectetaries 

(ii2«c.=R^rder} 


liH2. Dundee ...IProf. P. Keeble, D.Sc. »»*•*•»•• J* BrebneTf Prof- D. T- Gwynne- 

Vaaghan {Bee,)^ Dr. 0. K. Moss, 
D. Tboday. 

liiriningham Miss Ethel Sargant, W. B. Grove, Prof. D. T. Gwynne- 

Vaughan (Ilec,), Dr. C. E. Moss, 
. D. Thoday. 


SFaCTION l.-~educational science. 


1901. Glasgow .. 


Sir John E. Gorst, F.R.S, 


.. . B. A. Gregory, W. M. Heller, ll Y. 
i Howie, C. W, Eimmios, Prof. 
! H. L. Withers (Bee.). 

1902. Belfast ... Prof. H. E. Armstrong, F*.R.S. j Prof. R. A. Gregory, W. 5f. Heller 

i (Jiec.X R. M. Jones, Dr. C. W. 
I Kimmins, Prof. H. L. Withers. 

1903. Southport SirW.de W. Abney, K.C.B., ' Prof. K. A. Gregor)', W, M. Heller 

F.R.S. I (/?<*<?.), Dr. C. W. Kimmins, Dr. H. 

L. Snape. 

1904. Cambridge Bishop of Hereford, D.D. ... « J. H. Flather, Prof. R. A. Gregor)', 

j W. M. Heller (/fi-tf.), Dr. C. W. 

I , Kimmins. 

1905. SouthAfrica’Prof. Sir R. C, Jebb, D.O.L., A.D.Hall,Prof.Hele-Shaw, Dr.C. W. 

M.P. ^ Kimmins (/fm), J. B. Whitten. 

. I Prof. R. A. Gregory, W. M. Heller 

i Hugh Richardson. 

1907. I>eice.ster...^ Sir Philip Magnus, M.P IW. D. Eggar, Prof. R. A. Gregory 

I ^ J. S. Ijaver, Hugh Rich- 

I 1 ardson. 

190S. Dublin Prof. L. C. Miall, F.R.S .•.’Prof. E. P. Culverweli, W. D. Eggar, 

George Fletcher, Prof. R. A. 
Gr^o^ Hugh Richardson. 

1909. MTinnipeg... ' Rev. H. B. Gray, D.D 


1906, York Prof. Il|. B. Sadler, LL.D. 


19U). Sheffield ... Principal H. A. Miers, F,R.S. 

I 

1911. Portsmouth Rt. Rev. J. £. C. Welldon, 

: D.D. 

1912. Dundee ... < Prof. J. Adams, M.A 

I 

! 

i 

1913. Birmingham Principal E. H. Griffiths, 

F.R.S. I 


W. D. Eggar, R. Fletcher, J. L. 

Holland Hugh Richardson. 
A. J. Arnold, ^V. D. Eggar, J. L. 

Holland (Bee.), Hugh Richardson. 
W. D. Eggar, 0. Freeman, J. L. 

Holland (Bee.), Hugh Ricliardson. 
D. Berridge, Dr. J. I&vidson, Prof. 
J. A. Green (IZre.), Hugh Richard- 
son. 

D. Berridge, Rev. S. Blofeld, Prof. 
J. A. Green (Bee.), H. Richard- 
son. 


* SECTION M.— AGRICULTURE. 

1012. Dundee ... T. H. Middleton, M.A Dr. C. Crowther, J. Golding, Dr. A. 

Lauder, Dr. E. J. Bussell (/tee.). 

l913.Blrn»lngham>rof. T. B. Wood,M.A W. E. Collinge, Dr. 0. Crowther,. 

.. J. Guiding, Dr. E. J. Bussell(i^.). 



3XX CHAIKMBN AND SECBETARJES OK CONKBRENCE8 Ol' t>EIJ«SATKS. 


CHAIRMEN AND SECRETARIES op tub CONFI RENCES OK 
DELEGATES OP CORRESPONDING SOCIETIIW, 1901H.‘ 


Date and Place Chalnncn Seci ‘farie« 


1901. Glasgow ... F. W. Kudler. F.G.8. Dr. J. G. Gai>*on, A. SouiervUlc. 

1902 Belfast Prof. W. \V. Watts* F.O.S, ... E. J. Bles. 

1903. Southport.. W. Whitaker, F.K.S F. W. Kudler. 

1904. Cambridge ^'rof. E. H. GrirtUhs. F.U.S. F. W. Kudler. 

1905. London ...Dr. A. Smith W'oodward, F. W. Kudler. 

F.R.S. 

1906. York Sir Edward Hiabrot^k. F. W. Kudler. 

1907. Leicester... U. J. Mackiuder, M.A... F. W, Kudler, I 

1908. Dublin...... H. A. .Miein, F.KS VV^ P, D. Stobbing. 

1909. London ... Dr. A. C. Haddon, F.K.S. ... W. P. D. Stebbii g. 

1910. Sheffield ... Dr. 'I'erapest Anderson W. P. D. Stabbing. 

1911. Portsmouth Prof. J. \V. Gregory, F.K.S..,. W. P. D. Stabbing. 

1912. Dundee ... Prof. F. 0. Bower, F.K.S. ... ;W. P. D. Stabbing. 

1913. Birmingham Dr. P. ( halmers Mitchell. ^ W, P. D. Stcbbinsjr. 

F.KS. . j 

1914. Le Havre... Sir H. George Fordham ,..lw. Mark Webb. 


EVENING DISCOURSES. 190M914. 


Date and Place Lecturer S^hjoct of Dicconrse 


1901. Glasgow ... Prof. W, Hamsay, F.R.S. The Inert Constituents of tli« 

Atmosphere. 

Francis Darwin, FALS The Movements of Plants. 

1902. Belfast ... Prof. J. J. Thomson, F.B.S.... Beequerel Kays and Eadio-actlvitv, 

Prof. W, F. R Weldon, F.K.S. Inheritance. 

1903. Southport... Dr. R. Munro Man as Artist and Sportsman In the 

Palaeolithic Porioti 

Dr. A. Rowe The Old Chalk Sea, and some of its 

Teachings. 

1904. Cambridge Prof. G. H. Darwin, F,R.S..,. Ripple* &farks and Saiul-Dunes. 

Prof. H. F. Osborn Paleontological Discoveries in tJio 

1905. South Koeky Mountains. 

Africa : 

Cape Town ... Prof. K, B, Poultoii, F.R.S, ... W. J.&archell'sDiscovericsIriSoutii 

Africa. 

C. Vernon Boys, F.B.S. ...... Some Surface Actions of Fluids. 

Durban ... Douglas W. FrcshAeltl... ...... The Mountains of the Old World. 

Prof. W. A. Herdman, F.K.S. Marino Biology. 

Pietermaritz- Col. D, Bruce, C.B., F.R.B.,.. Sleeping Sickness. 

bnig. H. T. Ferrar The Cruise of the * Discovery.' 

Johannesburg Prof. W. E. Ayrton, F*R.S. ... The Distribution of, Power. 

Ftof, J. 0. Arnold......... Steel as an Igneous Rock. 

Pretoria ... A. E. Shipley, F.R.S Fly-hpme Diseases : Malaria, Sleep- 

ing Sickness, Ac. 

Bloemfontein... : A. B. Hinks The Milky Way and the Clouds of 

Magellan. 

Kimberley ... Sir Wm. Crookes, F.K.S Diamonda « 

Prof. J. B. Porter The Bearing of Engineering on 

Mining. 

Bolawayo ... D. Bandall-Maciver.... The Bains of Rhodesia. 


■ Established 1885. 



EVENING DISCOURSES. 
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Date and riacc I Lecturer Subject ot Diecourae 


V.tOii. Yoik Dr. Tempest Anderson Volcanoes. 

Dr. A. D. Widler, F.R.8 The Electrical Signs of Life, and 

their Abolition by Chloroform. 

10(^7. Lci< ester ... W. Duddell, F.R.8 The Ark and the Spark in Badio- 

telegraphy. 

Dr. K. A. Dixey 1 Recent Developments in the Theory 

I of Mimicry. 

11^08. Dal>lin Prof. If. H. Turner, K.K.S. ...{Halley’s Comet. • 

Prof. W. M. Davis i The Lessons of the Colorado Canyon . 

Winnipeg... Dr. A. E. H. Tutton, F.R.8....‘Thc Seven Styles of Crystal Archi- 
j tecture. 

: Prof. W. A. Herdman. P.R.S. Our Food from the Waters. 

' * Prof. H. B. Dixon, F.R.8. ... The Chemistry of Flame, 
j * Prof. J. H. Poynting, F.R.S. The Pressure of Light. 

in 10. iShefBeld ...'Prof. W. Stirling, M.D Types of Animal Movement.* 

D. 0. Hogarth New Discoveries about the Hittiteb. 

D»ll. Portsmouth M>r. Leonard Hill, F.R.S The Physiology of Submarine Work. 

Prof. A. 0. Seward, F.K.S. ... Links with the Past in the Plant 

World. 

1912. Dundee ...Trof. W. H. Bragg, F.R.8. ... Radiations Old and New. 

Prof. A. Keith, M.D The Antiquity of Man. 

Itns. Birmingham Sir H.H.Cunynghame,K.C.B. Explosions in Mines and the Means 

of Preventing them. 

Dr. A. Smith Woodward^ Missiiig links among Extinct 
F.R.8. Animals. 

1014. Australia; 

Adelaide Sir Oliver J. Lodge, F.R.S.... [The Ether of Space. 

Prof. W. J. iollas, F.R.S. ... Ancient Hunters. 

Melbonitie Prof. E. B. Ponlton, F.R.S ...’Mimicry. 

Dr, F. W. Dyson, F.R.8, ... Greenwich Observatory. 

Sydney ... Prof. G. Elliot Smith, F.R.S,j Primitive Man. 

Sir E. Rutherford, F.R.8. ... Atoms and Electrons. 

Brisbane Prof. H. K. Armstrong, F.R.S. The Materials of Life. 

Prof. G. W. 0. Howe Wireless Telegraphy, 


LECTURES TO THE OPERATIVE CLASSES. 


Dat« and Place l^turer Snbject of LecUne 

_ _ _ I 

liK)l. Glasgow ... H. J. Mankind^, lf.A ;Th6 Moi-ements of Men by Land . 

: and Sea. 

1902. Belfast Prof. L. C. Miall, F.B.S ;Gnato and Mosquitoes. 

1903. Southport... Dr, J. 8*Flett Martinique and St. Vincent: the 

Eruptions of 1902. 

1904. Cambridge.. Dr. J. E. Marr, F.R,S The Forms of Mountains. 

HH)G. York Prof. 8. P. Thompson, F,R.S.;The Manufacture of Light. 

1907. Leicester... Prof. H. A. Mien, F.R.S. /The Growth of a Ciystal. 

1908. Dublin Dr. A. E. fi. Tutton, KR.8. The Crystallisation of Water. 

1910. Sheffield ... 0. T. Ueycock, F.B.S Metallic Alloys. 

1911. Portsmouth Dr. H. R. Mill jRain. 

I * Popular Lectures,' delivered to the oitisens of Winnipeg. 

* Repeated, to the pablic» on Wednesday, September 7. 
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LECTURES TO THE OPERATIVE CT-ASSES. 


PUBLIC OB CITIi5ENS' LECTUBES. 


Date and Place ' Lecturer Subject of Lecture 


1U12. Dundee ... Prof. D. Moore, D.Hc Science and National Health. 

Prof. £. 0. K. Qouner, M.A. Prices and Wages. 

Prof. A. Fowler, F.R.8 /fhe Sun. 

lina. Birminprliau ' Dr. A. C. Haddon, F.R.S. ... ; The Decorative Art of Savages. 

Dr. Vaughan Cornish The Panama Canal. 

» Leonard Doncaster. M.A. ... Recent Work on Heredity and iti 
; Application to Man. 

Dr. W. RosenbaiD, F.K.S. ... Metals under the Microscope. 

Frederick Soddy, F.R.S The Evolution of Matter. 

IU14. Australia: ' 

Perth ... Prof. W. A. Herdman, F.R.S,iWby we Investigate the Ocean. 
^Prof. A. S. Eddington, F.R.S.j Stars and their Movements. 

, IL Ualfour, M.A. .Primitive Methods of Making Fire. 

Piof. A. D. Waller, F.HX ...j Electrical Action of the Huniat 

Heart. 

;C. A. Buokmaster, M.A j Mining Education in England. 

Adelaide iProf. E. C. K. Gonner, M.A. Saving and Spending. 

Melb(>urne Dr. W. Kosenhain, F.R.S. ... . Making of a Big Gun. 

,Prof, H. B. Dixon, F.R.S Explosions. 

.'Sydney ...;Prof. B. Moore, F.R.S i Brown Barth and Bright Sunshine. 

I Prof. H. H. Turner, P.R.S. ... , Comets. 

Brisbane Dr. A. Haddon, F.R.S. ... ' Decorative Art in Papua. 



ORAltrS OP MORBV. 


xxxiii 


Oeneral Statement of Sums which have been paid on account of 
Onmte for Sdentifie Purpoeee, 1901-1913. 


mi. 

£ $. i. 

Electrical Standards 45 0 0 

Seismological Observations... 75 0 0 

Wavelength Tables 4 14 0 

Isomorphons Sulphonic De- 
rivatives of Benzene 35 0 0 

Life-zones in British Car- 
boniferous Bocks 20 0 0 

Underground Water of North- 
west Yorkshire 60 0 0 

Exploration of Irish Caves... 15 0 0 

Table at the Zoological Sta- 
tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 20 0 0 

Index Generum et Specierum 

Animalium 75 0 0 

Migration of Birds 10 0 0 

Terrestrial Surface Waves ... 5 0 0 

Changes of Land -level in the 

Phlegncan Fields 50 0 0 , 

Legislation regulating Wo- 
men’s Labour 15 0 0 

Small Screw Gauge 45 0 0 i 

Resistance of Road Vehicles 

to Traction ’75 0 0 ; 

Silchester Excavation 10 0 0 i 

Ethnological Survey of ! 

Canada ,30 0 0 i 

Anthropological Teaching ... 5 0 0 i 

Exploration in Crete 145 0 0 | 

Physiological Effedls of Pep- . j 

tone * 30 0 0 i 

Chemistry of Bone Marrow... 5 15 11 I 
Suprarenal Capsules in the ! 

Rabbit 5 0 0 j 

Fertilisation in Phasophycee 15 0 0! 

Morpholog)\ Ecology, and ; 

Taxonomy of Podoste- 

macese 20 0 0 ! 

Corresponding Societies Com- 
mittee 16 0 0 

ie920 $ 11 i 


, Wave-length Tables 5 

Life-zones in British Car- 
boniferous Bocks 10 

Exploration of Irish Oaves ... 45 
Table at the Zoological 

Station, Naples 100 

Index Generum et Specierum 

Animalium 100 

Migration of Birds 15 

Structure of Coral Reefs of 

Indian Ocean 50 

Compound Ascidians of the 

Clyde Area 25 

Terrestrial Surface Waves ... 15 
Legislation regulating Wo- 
men’s Labour .30 

Small Screw Gauge 20 

Resbtance of Roa4 Vehicles 

to Traction 50 

Ethnological Survey of 

Canada \ 15 

Age of Stone Circles 30 

Exploration in Crete 100 

Anthropometric Investigation 
of Native Egyptian Soldiers 1 5 

Excavations on the Roman 

Site at GelHgaer 5 

Changes in Hiemoglobin 15 

Work of Mammalian Heart 
under Influence of Drugs. . . 20 

Investigation of the Cyano- 

pbyceie 10 

Reciprocal Influence of Uni- 
versities and Schools 5 

Cooditions of Health essen- 
tial to carrying on Work in 

Schools 2 

Corresponding Societies Com- 
mittee 15 


i. d. 

0 0 

0 0 
0 0 

0 0 

0 0 
0 0 

0 0 

0 0 
0 0 

0 0 
0 0 

0 0 

0 b 
0 0 
0 0 

0 0 

0 0 
0 0 

0 0 

0 0 

0 0 


0 0 
0 0 


£947 0 0 


1903. 


1902. 

Electrical Standards 40 0 0 

Seismological Observations... 85 0 0 

Investigation of the Upper 
Atmosphere by means of 

Kites 76 0 0 

Magnetic Observations at Fal- 
mouth 80 0 0 

Relation between Absorption 
Spectra and Organic Sub- 
stances 20 0 0 

1914. 


Electrical Standards 35 0 0 

Seismological Observations... 40 0 0 
Investigation of the Upper 
* Atmosphere by means of 

Kites 75 0 0 

Magnetic Observations at Fal- 

j mouth 40 0 0 

I Study of Hydro-aromatic Sub- 
stances 20 0 0 

Erratic Blocks 10 0 0 

Exploration of Irish Caves ... 40 0 0 
Underground Watersof North- 
west Yorkshii^ 40 0 0 



xjoav 


GENERAL STATEMENT* 


Life^Bones in Britiah Car- 
boniferous Kooks 

Geologioal Photographs 

Table at the Zoological Sta- 
tion at Naples 

Index Generufn et Speoierum 

Animaliuin 

Tidal Boi^, Sea Waves, and 

Beaches 

Scottish National ^ Antarctic 

Expedition * 

Legislation affecting Women^s 

Labour 

Researches in Crete 

Age of Stone Circles 

Anthropometric Investigation 
Anthropometry of the Todas 
and other Tribes of Southern 


India 50 0 0 

The State of Solution of Pro- 

teids 20 0 0 

Investigation of the Cyano- 

phyctse 25 0 0 

Respiration of Plants 12 0 0 

Conditions of Health essential 

for School Instruction 5 0 0 

CorresjKJnding Societies Com- 
mittee 20 0 0 


£S45 13 2 


Metabolism of Individual 

Tissues 40 0 0 

Botanical Photogfraphs 4 S 11 

Respiration of Plants 15 0 0 

Experimental Studies in 

Heredity 36 0 0 

Con'esponalng Societies Com- 
mittee 20 0 0 

£887 IhTi 


1006. 

Electriciil Standards 40 0 0 

Soismological Ob.scrvations... 40 0 0 

Investigation of the Upper 
Atmosphere by moans of 

Kites 10 0 0 

Magnetic Observations at Fal- 
mouth 60 0 0 

Wave-length Tables of Spec- 
tra 5 0 0 


E #. j £ s. dt 

< Anthropometric Investigation 

5 0 0 > of Egyptian Troops 8 10 0 

10 0 0 Excavations on Roman Sites 

in Britain 25 0 0 

JOO 0 0 I The State of Solution of Pro- 

telds 20 0 0 

100 0 0 


15 0 0 

50 0 0 

25 0 0 
100 0 0 
3 13 2 \ 
5 0 0 ' 


1904. 


Seismological Observations... 40 0^ 0 
Investigation of the Upper 
Atmosphere by means of 

Kites 50 0 0 

Magnetic Observations at 

Falmouth 00 0 0 

Wave-lengthTables of Spectra 10 0 0 
Study of Hydro-aromatic Sub- 
stances 25 0 0 

Erratic Blocks 10 0 0 

Life-zones in British Car- 
boniferous Bocks 35 0 0 

Fauna and Flora of the 

Trias 10 0 0 

Investigation af Fossiliferous 

Drifts 60 0 0 

Table at the Zoological Sta- 


Index Oenemm et Specierum 

Animalium 00 0 0 

Development in the Ifrog 15 0 0 

Researches on the Higher 

Crustacea 15 0 ,0 

British and Foreign Statistics 

of International Trade 25 0 0 

Resistance of Road Vehicles 

to Traction 30 0 0 

Researches in Crete 100 0 0 

Researches in Glastonbury 

OK A A 


j Study of Hydro-aromatic 

' Substances 25 0 0 

, Dynamic Isomerism 20 0 0 

! Aromatic Nitroamines 25 0 0 

' Fannaand Flora of the British 

) Trias 10 0 0 

Table at the Zoological Sta- 
tion, Naples 100 0 0 

Index Generum et Specierum 

Animalium 75 0 0 

Development of the Frog ... 10 0 0 

! Investigations in the Indian 

j Ocean 150 0 0 

j Trade Statistics 4 4‘ 8 

j Researches in Crete 76 0 0 

I Anthropometric Investigji- 

tiona of Egyptian Trooi)s... 10 0 0 

Excavations on Roman Sites 

j in Britain 10 0 0 

j Anthropomctriclnvestigations 10 0 0- 

i Age of Stone Circles 30 0 0 

’ The State of Solution of Pro- 

' teids 20 0 0 

Mctabdlism of Individual 

Tissues 30 0 0 

Ductless Glands 40 0 0 

Botanical Photographs 3 17 6 


Structure of Fossil Plants ... 50 0. 0 
Corresponding Societies Com- 
mittee 20 0 0 


£328 2 '2 



GRANTS OF UONEV« 


1906. 

£ $. 

Electrical Standards 26 0 

Bcismological Observations... 40 0 
Magnetic Observations at FaN 

mouth 50 0 

Magnetic Survey of Soutli 

Africa 99 12 

Wave-length Tables of Spectra 5 0 
Study of Hydro-aromatic Sub- 
stances 26 0 

Aromatic Kitroamines 10 0 

Fauna and Flora of the British 

Trias 7 8 

Crystalline Rocks of Anglesey 30 0 
Table at the Zoological Sta 

tiou, Naples 100 0 

Index Animalium 75 0 

Development of the Frog 10 0 

Higher Crustacea 15 0 

Freshwater Fishes of South 

Africa 50 0 

Rainfall and Lake and River 

Discharge 10 0 

Excavations in Crete 100 0 

Lake Village at Glastonbury 40 0 
Excavations on Roman bites 

in Britain 30 0 

Anthropometric Investiga- 
tions in the British Isles ... 30 0 
State of Solution of Proteids 20 0 
Metabolism of Individual 

Tissues 20 0 

Effect of Climate upon Health 

and Disease 20 0 

Research on South African 

Cycads .^. 14 19 

Peat Mo.ss Deposits 23 0 

Studies suitable fer Elemen- 
tary Schools 5 0 

Corresponding Societies Com- 
mittee 25 0 


i!882 0 


1907. 

Electrical Standards 50 0 

Seismological Observations... 40 0 

Magnetic Observations at 

Falmouth 40 0 

Magnetic Survey of South 

Africa 25 7 

Wave-length Tables of 

Spectra 10 0 

S^tudy of Hydro - aromatic 

Bubstances 30 0 

Dynamic Isomerism 30 0 

Life Zones in British Car- 
boniferous Rooks 10 0 

Erratic Blocks % 10 0 

F^una and Flora of British 

Trias 10 0 

Faunal Succession in the Car- 
boniferous Limestone of 
South-West England 16 0 


d. 

0 

0 

0 

6 

0 

0 

0 

11 

0 

0 

0 

0 

0 

0 

0 

0 

0 


j Correlation and Age of South 

African Strata, Ac 

Table at the Zoological 

Station, Naples 

Index Animalium 

Development of the Sexual 

Cells 

Oscillations of the Land Level 
in the Mediterranean Basin 
j Gold Coinage in Circulation 
in the United Kingdom ... 
Anthropometric Investiga- 
tions in the British Isles... 
Metabolism of Individual 

Tissues 

The Ductless Glands 

Effect of Climate upon Health 

and Disease 

Physiologj' of Heredity 

Research on South African 

Cycads 

; Botanical Photographs 

: Structure of Fossil Plants ... 

Marsh Vegetation... 

Corresponding Societies Com- 
mittee 


£ #. d. 

10 0 0 

100 0 0 
75 0 0 

1 21 8 

50 0 0 

8 19 7 

10 0 0 

45 0 0 
25 0 0 

55 0 0 
30 0 0 

35 0 0 

5 0 0 

6 0 0 

15 0 0 

16 14 1 


i757 12 10 


1908. 


j Seismological Observations ... 40 0 0 

0 Further Tabulation of Bessel 

Functions 15 0 0 

0 Investigation of Upper Atmo- 
sphere by means of Kites... 25 0 0 

4 : Meteorological Observations 

0 on Ben Nevis 25 0 0 

Geodetic Arc in Africa 200 0 0 

0 W’ave-lengthTables of Spectra 10 0 0 

Study of Hydro-aromatic Sub- 

0 I stances 30 0 0 

~ ' Dynamic Isomerism 40 0 0 

^ Transformation of Aromatic 

' Kitroamines 30 0 0 

0 ' Enatic Blocks 17 16 6 

0 Fauna and Flom of British 

Trias 10 0 0 

0 ; Faunal Succession in the jpaiv 
bonifcTous Limestone in the 

6 British Isles 10 0 0 

Pre- Devonian Rocks 10 0 0 

0 Exact Significance of Local 

t Terms 6 0 0 

0 , Composition of Charnwood 

0 K<Kks 10 0 0 

, Table at the Zoological Station 

0 \ at Naples 100 0 0 

0 ; Index Animalium 75 0 0 

I Hereditary Experiments 10 0 0 

0 ' Fauna of Lakes of Central 

Tasmania 40 0 0 

i Investigations in* the Indian 

0 Ocean 50 0 0 

b2 
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GENERAL STATEMENT. 


£ s. d. 

Sxplaration in Spitsbergen ... 30 0 0 
Gold Coinage in Circulation 


in the United Kingdom 3 7 6 

Electrical Standards .)(> 0 0 

Glastonbury Lake Village ... 30 0 0 

Excavations on Roman Sites 

in Britain 15 0 0 

Age of Stone Circles 60 0 0 

Anthropological Notes and 

Queries 40 0 0 

Metabolism of Individual 

Tissues 40 0 0 

Tlie Ductless Glands 13 14 8 

Effect of Climate upon Health 

and Disease .35 0 0 

Body Metabolism in Cancer... 30 0 0 

Electrical Phenomena and 
Metabolism of Arum Spa- 

dices 10 0 0 

Marsh Vegetation 16 0 0 

Succession of Plant Remains 18 0 0 

Corresponding Societies Com- 
mittee 25 0 0 


i;M57 18 8 

1909. 


Seismological Observations .. 60 0 0 
Investigation of the Upper At- 
mosphere by means of Kites 10 0 0 
Magnetic Observations at 

Falmouth 50 0 0 

Establishing a Solar Ob- 
servatory in Australia 50 0*0 

Wave-length Tables of Spectra 9 16 0 
Study of Hydro-aromatic Sub- 
stances lo 0 0 

Dynamic Isomerism 35 0 0 . 

Transformation of Aromatic 

Nitroamines 10 0 0 

Electroanalysis 30 0 0 

Fauna and Flora of British 

Trias 8 0 0 

Faunal Succession in the Car- 
boniferous Limestone in the 

British Isles 8 o 0 

PalsMzoio Rocks of Wales and 

the West of%ngland 9 0 0 

Igneous and Associated Sedi- 
mentary Rocks of Glensaul 11 13 9 

Investigations at Biskra 60 0 0 

Tabieat the Zoological Station 

.i^Napl^ 100 0 0 

Heredity Experiments 10 0 0 • 

Feedii^ Habits of British 

Birds 5 0 0 

Index Animalium.. 75 0 0 

Investigations in the Indian , 

Ocean 36 0 0 

Gaseous Explosions 75 0 0 

Excavations on Roman Sites 
in Britain 5 0 0 


' £ s, d, 

I Age of Stone Circles 30 0 0 

I Researches in Crete 70 0 0 

The Duotles-s Glands 35 0 0 

Electrical Phenomena and Me- 
tabolism of Arum Spadices 10 0 0 

Reflex Muscular Rhythm 10 0 0 

Anmsthetics 25 0 0 

Mental and Muscular Fatigue 27 0 0 

, Structure of Fossil Plants ... 5 0 0 

* Botanical Photc^iiphs 10 0 0 

Experimental Study of 

Heredity 30 0 0 

Symbiosis between Tur- 
bellarian Worms and Algm 10 0 0 

Survey of Clare Island 65 0 0 

Cuiricula of Secondary School .5 0 0 
Coi5 esj>onding Societies Com- 
mittee 21 0 0 

£1.014 9 9 

Measurement of Geodetic Arc 

in South Africa 100 u 0 

Republication of Electrical 

Standards Reports 100 0 0 

Seismological Observations... 60 0 0 
Magnetic Observations at 

Falmouth 25 0 0 

InvestigaMon of the Upper 

Atmosphere 25 i) 0 

Study of Hydro-aromatic Sub- 
stances 25 0 0 

Dynamic Isomerism 35 0 0 

Transformation of Aromatic 

Nitroamines 15 0 0 

Blectroanalysis 10 0 0 ^ 

Faunal Succession in Hie Car- 
boniferous Limestope in the 

British Isles 10 0 0 

South African Strata 5 0 0 

Fossils of Midland Coalfields 25 0 0 

Table at the Zoological Sta- 
tion at Naples 100 0 0 

Index Animalium 75 q o 

Heredity Experiments 15 0 0 

Feeding Habits of British 

Birds 5 0 0 

Amount and Distribution of 

Income 16 0 0 

Gaseous Explosions 75 0 0 

hake Villa^ in the nei^i* 
bourhood of Glastonbury... 6 0 Q 

Excavations on Homan Site* 

inBritiitt 5 0 0 

NeoUthio CSte* in Korthern 

Qieeoe. 6 0 0 

The Ductless GUnds 40 0 0 

Body Metabolism In Oaneer... 20 0 o 

AnaBSthetics .V, 25 o 0 

^ssue Metabolimn 25 0*" 0 

mntalandlfusottlar Fatigue 18 17 0 
Blec^i|BOiive Fhenomena in 



GRANTS OP MONEY. 
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£ f. £. 

Structure of Fossil Plants ... 10 0 0 

Experimental Study of 

Heredity 30 0 0 

Survey of Clare Island 30 0 0 

Corresponding Societies Com- 
mittee 20 0 0 


£963 17 0 

1911. 

Seismological Investigations 60 0 0 
Miignetic Observations at 


Falmouth 26 0 0 

Investigation of the Upper 

Atmosphere 23 0 0 

Grant to International Com- 
mission on Physical and 

Chemical Constants 30 0 0 

Study of Hydro-aromatic Sub- 
stances 20 0 0 

Dynamic Isomerism 25 0 0 

Transformation of Aromatic 

Nitroamines 15 0 0 

Blectroanalysis 15 0 0 

Influence of Carbon, Ac., on 

Corrosion of Steel 15 0 0 

Crystalline Rocks of Anglesey 2 0 0 

Mammalian Fauna in Miocene 
Deposits, Bugti Hills, Balu- 
chistan 0 0 

Table at the Zoological Sta- 
tion at Naples 100 0 0 

Index Animalium 75 0 0 

Feeding Habits of British 

Birds 5 0 0 

Belmullet Whaling Station... 30 0 0 
Map of Prince Charles Fore- 
land .30 0 0 

Gaseous Explosion! 90 0 0 

Lake Villages in the neigh- 
bourhood of Glastonbury... 5 0 0 

Age of Stone Circles 30 0 0 

Artificial Islands in Highland * 

Lochs 10 0 0 

The Ductless Glands iO 0 0 

"Anaesthetics .' 20 0 0 

Mental and Muscular Fatigue 25 0 0 
Electromotive Phenomena in 

« Plants 10 0 0 

Dissociation of Oxy-Hsemo- 

globin...., 25 0 0 

Btructure of Fossil Plants ... 15 0 0 
Experimental Study of 

Heredity 46 0 0 

Suivey of Clare Island......... 20 .. 0 0 

Registration of Botanic^ 
Photographs ....... 10 0 0 

Mental and. PhyiM ^tors 

involved In Eduoation 10 0 

Corresponding Societies Com- 
mittee:,. 0 0 


£922 0 0 


; 1912. 

'£#.£. 

I Seismological Investigations 60 0 0 
I Magnetic Observations at 

Falmouth 25 0 0 

Investigation of the Upper 

Atmosphere 30 0 0 

Grant to International Com- 
!' mission on Physical and 

Chemical Constants 30 0 0 

Further Tabulation of Bessel 

Functions .« 15 0 0 

Study of Hydro-aromatic 

Substances 20 0 0 

Dynamic Isomerism 30 0 0 

Transformation of Aromatic 

Nitroamines 10 0 0 

Electroanalysis 10 0 0 

Study of Plant Enzymes 30 0 0 

Erratic Blocks 5 0 0 

Igneous and Associated Rocks 

of Glensaul, 15 0 0 

List of Characteristic Fossils 5 0 0 

> Sutton Bone Bed 15 0 0 

. Uembridge Limestone at 

i Creechbarrow Hill 20 0 0 

Table at the Zoological 

Station at Naples 50 0 0 

Index Animalium 75 0 0 

Belmullet Whaling Station... 20 0 0 

] Secondar}' Sexual Characters 

; in Birds 10 0 0 

I Gaseous Explosions 60 0 0 

Lake Villages in the neigh- ^ 
bourhood of Glaston- 
bury 5 0 0 

Artificial Islands in High- 
land Lochs 10 0 0 

; Physical Character of Ancient 

Egyptians 40 0 0 

; Excavation in Easter Ijsland 15 0 0 

j The Ductless Glands 35 0 0 

i Calorimetric Observations bn 
; Man 40 0 0 

> Structure of Fossil Plants ... 15 0 0 

; Experimental Study ^ of 

Heredity 35 0 0 

\ Survey of Clare Island......... 20 0 0 

i Jurassic Flora of Yorksh^ 15 0 0 

i OverlappingbetweenSecond- 


and Poor Law Schools...... 10 0 

Influence of School Books 

npon Eyesi|^. 3 9 0 

Corresponding l^eties Com- 
mittee 26 0 0 

Collections illustFating 
. Natural History of Isle of 


Wight > 40 0 0 

£346 7 3 
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• 1913. 

. * £ i.d. 

Belamologioall&vMtigations 130 0 0 
tnvistigatioii of the Upper 


Atmosphere 23 0 0 

International Committee on 
Physical and Chemical 

Constants 40 0 0 

Calculation of Mathematical 

Tables 20 0 0 

Disposal of Copies of the 

' Binary Canon ' 4 9 0 

Study of Hydrd-aromatic 

Substances 15 0 0 

Dynamic Isomemm 25 0 0 

Transformation of Aromatic 

Nitroamines 15 0 0 

Study of Plant Kniynies 25 0 0 

Correlation of Crystalline 
Form with Molecular Struc- 
ture 25 0 0 

Study of Solubility Pheno- 
mena 10 0 0 

List of Characteristic Fossils 5 0 0 

Geology of Kamsey Island ... 10 0 0 
Fauna and Flora of Trias of 

Western Midlands 10 0 0 

Critical Sections in Lower 

Palffiozoic Rocks 16 0 0 

Belmullet Whaling Station... 20 0 0 
Nomenclature Animalium 

Genera et Sub-genera 50 0 0 

Antarctic Whaling Industry 76 0 0 
Maps for School and Univer- 

sitypUse 40 0 0 

Gaseous Explosions 50 0 ’ 0 

Stress Distributions in Engi- 
neering Materials 50 0 0 


£ f} £» 

Lake Tillages in the Neigh- 
bourhood of Glaston- 


bury 90 0 0 

Age of Stone Circles 20 0 0 

Artificial Islands in the High- 
lands of Scotland 5 0 0 

Excafations on Roman Sites 

I in Britain 20 0 0 

Anthropometric Investiga- 
tions in Cyprus 60 0 0 

Falseolitbic Site in Jersey ... 50 0 0 

* The Ductless Glands 35 0 0 

Calorimetric Observations on 

Man 40 0 0 

Btracture and hHinotion of the 

Mammalian Heart :iO o 0 

Binocular Combination of 
Klnematograph Pictures... 0 17 0 
Slructnro of Fossil Plants ... 16 0 0 
Jurassic Flora of Yorkshire 5 0 0 
FJora of the Peat of the 

Kennet Valley J5 0 0 

Vegetation of Ditcham Park 14 4 3 

Physiology of Heredity 30 0 0 

Breeding Experiments with 

(Enotheras 19 17 4 

Mental and Physical Fac- 
tors involved in Educa- 
tion 20 0 0 

Influence of School Books on 

Eyesight 2 8 9 

Character, Work, and Main- 
tenance of Museums 10 0 0 

Conesponding Societies Com- 
mittee 26 0 0 


£1,086 16 4 
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EEPORT OF THE COUNCIL, 1913-U. 

I. The Council have to record their profound sorrow at the death of 
Sir David Gill, P.R.S., ex-President, The following resolution was 
conveyed to Lady Gill by the President: — 

‘ The Council deeply regret the death of their late distinguished 
President, Sir David Gill, whose personality was so widely 
appreciated, and whose work for Astronomy at the Cape 
01>servatory elevated it to the first rank ; and they empower 
the Officers to convey to Lady Gill and his family their 
profound sympathy. * 

II. Professor A. Schuster, P.R.S., has been unanimously nomi- 
nated by the Council to fill tKe office of President of the Association 
for 1915-16 (Manchester Meeting). 

III. Gaird Fund. — ( a) Resolutions referred by the General 
Committee to the Council for consideration and, if desirable, for action, 
were dealt with as follows : — 

(1) * That the Council be asked to appoint a Committee to cairy 
out the request of Sir J. K. Caird in his letter of 
September 10 (viz., that his further gift of £1,000 be ear- 
marked for the study of Radio-Activity as a branch of Geo- 
physics).’ 

It was resolved to appoint the following Committee to carry oul the 
above request : The President and General Officers, Sir E. Rutherford, 
Mr. F. Soddy, and Sir J. J. Thomson. The Committee was empowered 
to add to its number and to modify the condition attaching to the above 
gift, subject to the approval of Sir J. K. Caird. 

(2) ‘ That the request of Section A (Mathematics and Physics) 
for a grant from the Caird Fund of £500 for Radio-telegraphic 
investigations be sent to the Council for consideration and 
action. ’ 

It was resolved that the above request he granted, and that the 
General Treasurer be empowered to pay the sum named to the Chairman 
of the Committee appointed to conduct the said investigations. 

(3) ‘ That a grant of £100 for the coming year be ma^e to the 
Committee on the Naples Table from the Caird Fund, and 
that the Council be requested to consider the advisability of 
endowing the Committee by a capital sum yielding an annual 
income ^ £100.' 

It was resolyeSTthat a grant of £100 for the coming year be made' 
to the Committee on the Naples Table from the Caird Fund, and that 
a grant of £100 be made annually in future to the Committee, subject 
to the adoption of its annual report. 
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(4^ ‘ ThiA a ^ntf 61 5100 for Ubib cofopg ^ear be made tftjltbe 
Qoi^mittee on Seismolcgical Invei^ticms firom the Chird 

V' and that the Oauncil be aeked to consi^r the 

advisability of endowing the Oommittee by a capital sum 
yielding an annual income of 5100.' 

It was resolved that a grant of £100 for the coming year be made 
to the Committee on Seismological Investigations, and that a grant of 
£100 be made cnnually in future to the Committee, subject to the 
adoption of its annual report. 

(b) An applfcation to the Council fiom the ‘ Scotia ' Publication 
Committee (Scottish Antarctic Expedition) for a grant of £400 from the 
Caird Fund towards tlie expenses of the publication of the ‘ Scientific 
Results of the Voyage of the “ Scotia * w'as considered, and it was 
resolved that the application could not be entertained. 

IV. Resolutions rcferred to the Council by the General Committee 
at Birmingham for consideration, and, if desirable, for action, were 
dealt with as follows: — 


** From Sections A and U. 

* That the terms First Order, Second Order. Third Order, ami 
Fourth Order of triangulation, as connoting definite degrees 
of precision, be used to describe triangulation even though 
the terms now in use (e,g., Major, Minor, Ac.), which have 
only a local significance, are also employ^.' 

‘That this resolution be communicated through the proper 
channels to (a) the Geodetic Association, and (6) the Institute 
of Surveyors.* 

The Council approved the principle of the above resolution, and 
resolved that Professor H. H. Turner and Captain HR G. Lyons be 
appointed a Committee to communicate, in the name of the Council, 
with the Geodetic "^Association and the Institute of Surveyors. The 
Committee duly can*ied out this instruction. 

From Section /• 

* The Committee of Section I requests the Council of the 
Association to for^vard to the Board of Trade the following 
resolution : — 

(i) That Colour Vision Tests are most efificiently conducted 
^ by means of what is known as the “ Lantern Test.** 

*(ii) That the best form of such lantern has not yet been 
finally decided upon, and can be arrived at only after 
further expert report. 

(iii) That the actual application of sight t^ts requires the 
co*operation of an ophthalmic surgeoiPwith a practical 
navigator. * 

The Council, after careful consideration and consultation among 
members specially interested in this question, resolved to take no action. 
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Vrom 1. 

' That in view of the faet that numerous deaths continue to take 
place from anesthetics administered by unregistered persons, 
the Committee of the Section of Physiology of the British 

* Association appeals to the Council of the Association to repre- 
sent to the Home Office and to the Privy Council the urgent 
need of legislation to protect the public against such 
unnecessary risks/ 

The Council appointed a Committee to consider and report upon 
the above resolution, and subsequently adopted the following resolution, 
which was transmitted to the Home Office: — 

' The Council of the British Association desire to urge upon 
His Majesty’s Govei*nment the necessity of introducing legis- 
lation on the subject of the administration of ansssthetics, as 
recommended by the Departmental Committee of the Home 
Office, dated March 18, 1910, but with the addition to Recom- 
mendation (3) of a clause permitting administration by un- 
registered persons under the immediate supervision of a person ^ 
duly qualified. The Council would point out that the recom- 
mendations of the General Medical Council are practically 
identical with those of the Departmental Committee, and that 
these recommendations have been approved by various 
academic and professional bodies, and also by the Council 
of this Association in 1910.* 

V. In connection with the Magnetic Re-survey of the British Isles, 
referred to in the Report of the Council for 1912-13, the Council 
agreed to the proposal of the Royal Society that a joint supervising 
committee of the ^Society and the Association be appointed, and the 
following membeia were appointed to represent the Association: Sir 
Oliver Lodge, Prof. J. Periy, Prof, H. H. Turner, Dr. C. Chree, 
Dr. S. Chapman, Dr. P. W. Dyson, Dr. R. T. Qlazebrook. 

The Council empowered the General Treasurer to pay from the 
Caird Fund a sum not exceeding .£250 towards the cost of the Survey. 

VI. Australian Meeting. — (i) At their meeting in December 1913 
the Council were informed as to the limit of the total number of the 
oversea party which the Australian authorities had found it necessary 
to propose, having regard to the provision of suitable travelling 
facilities, Ac., in Australia. The Council wera also informed that by 
counting all doubtful or qualified intimations from members, &d all 
applications for new membership,* the limit above mentioned was 
already substantially exceeded. It was resolved (a) that there should 
be no more admissions to the oversea party, excepting any member 
whose attendance theiAustralian Committee or the General Officers (in 
consultation, jf necessary, with representatives of any particular 
Section) might decide to be of special importance to the scientific 
work of the meeting; (b) that tiie General Secretaries should be 
empowered to desire members whose intimations were qualified by 
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doubt lo express llieir definite intentions by a certain date; (c) tliat 
the General Officers should bo empowered to take, in llie name of the 
Council, any other measures which might appear necessary to effect 
reduction in the total number of the oversea party. 

(ii) Previously to the departure of Dr. A. 0. D. Eivett, General 
Organising Secretary in Australis, from London in December 1913, it 
was resolved that the thanks of the Council be expressed to Dr. Eivett 
for the assistance he had rendered in connection with the arrangements 
for file meeting during his visit to England, and to the authorities in 
Australia under whose direction he had paid this visit. 

VII. The Council resolved that the meetings of the Conference of 
Delegates of Coiresi^nding Societies be lield in Havre in August 1914 
on tlie occasion of the meeting there of L ‘Association Frnncaise pour 
rAvanceinent des Sciences. 

In these circumstances the Council made the following appoint- 
ments on behalf of the General Committee (in jdace of nominations, 
as usual): — 

Cmtference of Delegates. — Sir H. G. Fordham (Chairman). Sir 

Brabrook (Vice-Chairman). Mr. W. Mark Webb (Secretary). 

The following nominations are made by the Council: — 

Correspondhg Societies Committee. — ^Mr. W. Whitaker (Chair- 
man), Mr. W. Jlark Webb (Secretary), Bev. J. O. Bevan, Sir Edward 
Brabrook, Sir II. G. Fordham, Dr. J. G. Garsori, Principal E. H. 
Griffiths, Dr. A. C. Ilsddon, Mr. T. V. Holmes. Mr. J. Hopkinson, 
Mr. A, Ii. Lewis, Rev. T. E. E. Stebbing, and the President and 
General Officers of the Association. 

VIII. The Council have received an intimation from the Town 
Clerk of Cardiff that the Council and other authorfties in that city 
intend to present an invitation to the Association •to hold there its 
Meeting in 1918. 

IX. The Council have received reports from the General Treasurer 
during the past year. In consequence of the early removal of the books, 
&c., from London to Australia, it has not been possible to prepare the 
usual annual accounts. These will l>e audited and presented to the 
General Committee at the Manchester Meeting (19L0). 

X. The retiring members of the Council are: — 

Sir*D. Prain, Prof. C. S. Sherrington, Prof. F. T. Trouton, 
Dr. J. E. Marr, Prof. J. B. Parmer. 

The Council nominated the following new members: — 

Dr. P. W. Dyson, 

Miss E. R. Saunders, 

Prof. E. H. Starling, 

leaving two vac«ancies to be filled by the General Committee without 
nomination by the Council. 
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The full list of nominations of ordinary members is as follows: — 


Prof. II. £. Armstrong. 
Sir £. Brubrook. 

Prof. W. H. Bragg. 

Dr. Diigald Clerk. 

Major P. G. Craigie. 

W. Crooke. 

Prof. A. Dendv. 

Dr. P. A. Dixey. 

Prof. H. B. Dixon. 

Dr. F. W. Dyson. 

Priiu ipal E. H. Griffiths. 
Dr. A. C. Haddon. 


A. D. Hall. 

Prof. W. D. Halliburton, 
Sir Everard im Thum. * 
Alfred Lodge. 

Capt. H. G. Lyons, 

Prof. R. Meldola. 

Prof. J. L. Myres. 

Miss £. R. Saunders. 

Prof. E. H. Starling 
J. J. H. Teall. . 

Prof. S. P. Thompsoa 


XI. Tin-: Gener.\l Officers have been nominated by the Council 
as follows: — 

General Treasurer: Prof. J. Perry. 

General Secretaries: Prof, W. A. Hordman. 


Prof. IT. 

XII. The following have been 
Committee: — 

Prof. H. S. Car.<<lHW. 

Prof. W. .1, Dakin. 

Prof. T. W. Edgeworth David. 
Prof. W. G. Duffield, 

Mr. A. dn Toit. 

Prof. A. J. Ewart. 

Mr. J. T. Ewen. 

Prof. H. J. Fleiire. 

Mr. Willoughby Gardner. 

Prof. Kerr Grant. 

Mr. C. Hedley. 

Prof. W. A. Joliy. 

Dr. C. F. Juriti 


li. Turner. 


as members of the General 


Prof. T. Lyle. 

Dr. H. McCombie. 

Mr. J. H. Maiden. 

Dr. li. R. Marett. 

Prof. Orme Masson. 

Dr. N. V. Sidgwick. 

Prof. C. Michie Smith. 
Prof. W. Baldw in Spencer. 
ProL B. D. Steele. 

Prof. E. C. Stirling. 

Dr. W. E. Sumpner. 

Major A. J, N. Tremearne. 
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OBNBBAL TBEA3DBEB S ACCOUNX. 


Bf. THE GENERAL TREASURER IN ACCOUNT 

ADVANCEMENT OF SCIENCE, 


*1913-1914. 


BECBIPTS. 


Balance brought forward 

Life Compositions (including Transfers) 

Annual Subscriptions 

New Annual Members* Subscriptions 

Sale of Associates' Tickets 

Sale of Ladies' Tickets 

Sale of Publications 

Sir James Caird’s Gift (Radio-activity Investigation) 


Interest on Deposits ; 

Lloyds Bank. Birmingham 

Bank of Scotland, Dundee 

Unexpended Balances of GmnU returned : £ t. •/. 

Fossil Plants 0 10 

Corresponding Societies Committee 1 14 s 

Jurassic Flora «M1 1 

Dividends on Investments: 

Consols 134 4 8 

India 3 per Cent. Stock 101 14 0 


Great Indian Peninsula Railway * B ' Annuity 20 1 8 

Dividends on ‘ Caird Fund' Investments : 

London and North- Western Railway Consoli- 
dated 4 per Cent. Preference Stock 04 3 i 

London and South- Western Railway do. do. 01 3 4 


India 3 J per Cent StA>ck 8(111 8 

Canada 3^ per Cent. Registered Stock 82 7 10 


A ustralian Government Subsidy : 1014 Meeting • • > 

Mem,: Receipts on account of the Australian Meeting 
( 1914), amountingto £243, are not included in this account , 
but are paid to a separate (No. 2) account at the Bank. 


£ I. d. 

1,376 13 3 
540 0 0 
782 0 0 
3u3 0 0 
l , 2(>6 0 0 
200 0 0 
248 2 0 
1,000 0 0 

52 0 10 
2 16 11 


6 10 0 

265 0 2 


357 ^^ 6 
15,000 0 


Inrettments, " 

Nominal Atnount. Value SOtli June, 191 4. 

£«.(!. £ d, 

5,701 10 5 2} per Cent. Consolidated Stock ....r,, 4,276 2 10 

3,600 0 0 India 8 per Cent. Stock 2,700 0 0 

879 14 9 £43 Great Indian Peninsula Railway 

*B' Annuity (cost). 849 6 0 

2,627 0 10 - India per Cent. Stock,* Caird Fund' 2,338 1 4 

2,500 0 0 London and North>M^estern Railway 

Consolidated 4 per Cent. Preference 

Stock, * Caird Fund ' 2,500 0 0 

2,500 0 0 London and Sooth- Western Railway 

Consolidated 4 per Cent. Preference 

Stock, * Caird Fund * 2,475 0 0 

2,500 0 0 Canada 84 per Cent. 1930-1950 Regis- 
tered Stock, * Caird Fund ’ 2,225 0 0 


Sir Frederick Bramwell's Gift:— 

78 12 7 Self-cumulating Consolidated StocH, 

[To be awarded in 1931 for a paper £21,549 18 4 

dealing with the whole question 

of the Prime Movers of 1931, and 
especially with the then relation . 

between steam engines and internal 
combustion engines.] 


John Pnrbt, General Treaeiirer, 


O M 
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WITH THE BRITISH ASSOCIATION FOB THE 
July 1, 1918, to June 30, 1914. 


CV. 


1913-1914. 


PAYMENTS. 


4. 

7 

9 

10 


Beni and Office Expenses 167 0 

Salaries, &c 758 11 

Printing, Binding, ko 1 ,2 1 5 g 

Expenses of Birmingham Meeting 165 11 2 

Payments on account of Australian Meeting..... 44 4 9 

Grants to Research Committees : — £ 

ScUmologlcal Investigations . 130 

Investigation of tlie Upiier Atmosphero 25 

InternationHl Committee on Physical and Chemical Con«tant4 4'l 

(Julculation of Mathematical Tables 20 

Disposal of Copies of the * Binary (>inon * 4 

Study of Hydro-nroniatic Substances 15 

Dynamic Isomerism 25 

Transformation of Aromatic Nitroamines 15 

Study of Plant Enzymes 25 

Correlation of Crystalline Form with MolecnUr Structure .... 25 

Study of Solnbility Phenomena 10 

List of Characteristic Fossils 

Geology of Ramsey Island 

Fauna and Flora of Trias of Western Midlands 

< 'ntical Sections iu Lower Palecozoic Rocks 15 

Belmullct Whaling Station 20 

Nomenclature Animalium Genera et Sub-genera 50 

Antarctic Whaling Industry 75 

Maps for School and University Use 40 

Gaseous Explosions .'iO 

Stress Distributions iu Engineering Materials 50 

Lake Villages iu the neighbourhood of Glastonbury 20 

Age of Stone Circ es 

Aitiflclal Islands in the Highlands of Scotlat.d 

Kveavntions on Roman Sites in Britain 

Anthrojioinetric luvestigations in Cyprus 

Fala'olithic Site in Jersey 

The Ductless Glands 35 

('alorimetrio ( ibservaiions on Man 40 

Structure and Fanction of the Mammaliau Heart 30 . 

Binocular (\>mbi nation of Kincmatograph Pictures 0 17 

Structure of Fossil Plants 15 

Jurassic Plqra of Yorkshire 5 

Flora of the Peat uf the Kennet Valley 15 

Vegeta’ Ion Ditcbam Park 14 

Physiology of Heredity 30 ^ 

Breeding EimcnnieiiU with G’^notheras 19 17 

Mental and rhyaical Factoi 1 involved in Education 20 

Influence of School Books on Eyesight 2 

Character, Work, and Maintenance of Museums lu 

Corresponding Societies Committee 25 

1,086 16 4 
0 0 


& 

i. 

</. 

... 13U 

U 

0 

.. 25 

0 

0 

Its 41 

0 

0 

. . 20 

0 

0 

.. 4 

9 

0 

... 15 

0 

0 

.. 25 

0 

0 

.. 15 

0 

0 

.. 25 

0 

0 

.. 25 

0 

0 

.. 10 

0 

0 

5 

0 

u 

.. 10 

0 

u 

.. 10 

u 

0 

.. 15 

0 

0 

.. 20 

0 

0 

.. 50 

0 

0 

. . 75 

0 

0 

.. 40 

0 

0 

.. 50 

0 

0 

.. 50 

0 

0 

.. 20 

0 

0 

.. 20 

0 

0 

5 

0 

0 

.. 20 

0 

0 

50 

0 

0 

50 

0 

0 

.. 35 

0 

0 

.. 40 

0 

0 

.. 30 

0 

0 

0 17 

0 

.. 15 

0 

0 

.. 5 

0 

0 

.. 15 

0 

0 

.. 14 

4 

3 

.. 30 

0 

0 

.. !9 17 

4 

.. 20 

0 

0 

.. 2 

8 

9 

.. 10 

0 

u 

.. 26 

0 

0 


Grants made from ‘ Caird Fund * 775 

Amounts paid to Grantees from Australian Government 
Subsidy : 1914 Meeting 14,950 


Balance at Lloyds Bank, Birmingham (including £ «. 

accrued Interest) 1,676 12 

Balance at Bank of England, 

Western Branch: On General 

Account j^933 1 10 

LfM OverspeAt on ‘Caird Fund*... 226 6 6 


0 0 


Petty Cash in hand 


70«» 15 
3 17 


a, 

3 


2,387 4 1 1 
;e21 ,549 18 4 

An Account cf 6i. 6rf. is outstanding due to Messrs, Sjfottisfvoode Co. 

Jf sxattilned the above Aooount with the Books and Vouchers of the Association, and ceriifv the 
Mmo to be correct* 1 have also verified the Balance at the Bankers, and have aseerUlned that the Invest- 
uidnts are registered in the names of the Trustees. W. B. Kbkx, Chartertd AwtuntanL 

Approved— IkcmhtrS.ms. 


Edward Brabrook. \ 
Hrrbbrt McLsod, ; 
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GENERAL MEETINGS. 


GENERAL MEETINGS, 1914. 

The General Nleetiugs held in Australia will be found mentioned in 
tlie course of the Narrative on pp. 679, seqq. A Narrative of the Visit of 
Members to the Meeting of L’ Association Franfaise at Le Havre, with an 
account of the meetings held there, is given on p. 720. 


OFFICERS OF SECTIONS AT THE AUSTRALIAN 
MEETING, 1914. 

SECTION A. — MATHEMATICAL AND PHYSICAL SCIENCE. 

Premhnt. — Prof. F. T. Trout on, F.II.S. (/;/ ahsmtta). Vice-President , — 

Prof. E. W. Bro^^n, F.U.S. ; Prof. ll. S. Carslaw, F.U.S.; Sir Oliver J. Lodge, 

F. R.S. ; Prof. A. AV. Porter, F.K S. ; Sir E. Rutherford, F. I l.S. Secretaries , — 
Prof. A. S. Eddington, F.R.S. {Recorder) x E. Gold, M.A. ; Prof. S. B. McLaren, 

M. A. ; A. 0. Rankine D.Sc. ; Prof. T. R. Lyle, F.R.S. (Local Sec., Melbourne); 
Prof. J. A. Pollock, D.Sc. (Local Sec., Sydney). 

SECTION B. — CHEMISTRY. 

Prof. W. J. Pope, F.R.S. Vice-Pj'esidents.— Vvcit F. Clowes, 
D.Sc,; Prof. H. B. Dixon, F.R.S.; Prof. Orme Masson, F.R.S.; Prof. K. H. 
Rennie. D.Sc. ; Prof. B. D. Steele, D..So. Secretaries. — A. Holt, D.Sc. {Recorder ) ; 

N. V. Sidgwick, D.Sc.; D. Avery, M.Sc. (Local Sec*., Melbourne); Prof. C. 
Fawsitt, D.Sc. (Local Sec., Sydneyb 

SECTION C.— GEOLOGY. 

President. — Prof. Sir T. IL Holland, K.C.I.E., F.II.S. Vice-Presidefifs . — 
Prof. W. S. Boulton, D.Sc.; Prof. T. W. Edgeworth David, C.M.G.; H. 
Herman: Prof. W. J. Sollas, F.R.S.; Prof. Woolnough, D.Sc. Secretaries. — 
A. R. Dwerryhouee, D.Sc. {Recorder): Prof. S. II. Reynolds, M.A. ; Prof. E. W. 
Skeats, D.Sc. (Local Sec., Melbourne); E. F. Pittman, A.R.S.M. (Local Sec, 
Sydney). 

0 

SECTION D. — ZOOLOGY. 

Preside 7 it.— Prof, A. Dendy, D.Sc., F.R.S, Vice-Presidemts, — Prof. C. B. 
Davenport; Prof. AV. A. Haswell, F.R.S.; Prof. H. Jungersen; Dr. 0. Maas; 
Prof. E. A. Miuchin, F.R.S.; Prof. Baldwin Spencer, C.M.G., F.R.S. Secre- 
taries.— Vtot H. Marett Time, M.A., M.D. (Recorder)-., J. H. Ashworth, 
D.Sc.; It. Douglas Laurie, M.A. T. S. Hall, D.Sc. (Local Sec., Melboiirno) ; 
Prof. W. A. Ilaawell, D.Sc., F.R.S. (Local Sec,, Sydney). 

SECTION £,— GEOGRAPHY. 

President, — Sir Charles P. Lucas, K.C.B., K.C.M.G. Vice-PresidenU, — Prof. 
Guido Cora; Prof. T, AV. Edgeworth David, C^M.Q. ; Caj^t. J. K. Davis; Prof. 
AV. M. Davis ; Sir John Forrest ; Prof. A. Penck. Secretaries, — H. Yule Oldham, 
M.A. (Recorder)-, J. McFarlane, M.A. ; J, A. Leach, M.Sc. (Local Sec., Mtd- 
bourne); F. Poate (Local Sec., Sydney). 

SECTION F. — ECONOMIC SCIENCE AND STATISTICS. 

President, — ^Prof. E. C. K. Conner, M.A. Ftce-JVeaidmfa.-y-S. Ball ; T. 11, 
Bavin; Denison Miller; H. AT. Braddon ; II arrUon Moore. SecrefaWea.— Prof. 
A. AV. Kirkaldy,M.A., M.Com. (Recorder ) ; l*rof. 11. 0. Meredith, M.A., M.Oom.; 

G. H, Knibbs, O.M.G. (Local Sec., Melbourne); Prof. R. F. Irvine, M.A, (Local 
Sec., Sydney). 
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SECTION G.— 'ENGINEERING. 

President, — Prof. K. (1. Coker, D.Sc. Vice-Presidents, — W, Davidson; H, 
Deane, M.A. ; Prof. C. Forbes, F.R.S. ; Col. J. Monash ; Prof. .J. E. Petavel, 
F.R.S, Secretaries. — Prof. G. W. 0. Howe, M.Sc. (Recorder ) ; Prof. W. M. 
Thornton, D.Sc. ; Prof. H. Payne (Local Sec., Melbourne) ; l*rof, W. H, Warren 
(Local Sec., Sydney). 


SECTION H. —ANTHROPOLOGY. 

President . — Sir Everard im Thurn, C,B., K,C.M.G. Vice-Presidents , — 
II. Balfour, M.A. ; Dr. Etheridge; Dr. A. C. Haddoii, F.R.S!; Prof, F. von 
Luschan ; Prof. Baldwin Spencer, C.M.G., F.R.S. ; Prof. E. 0. Stirling, F.R.S. 
Secretaries,-' "R, R. Murett, M.A., D.Sc. (Recorder); B. ^Malinowski, Ph.D. ; 
l^of. R. J. A. Berry, ^I.D. (Local Sec., Melbourne); Prof. J. T. Wilson, M.B., 
F.R.S. (liocal Sec., Sydney). jv 

SECTION I.— PHYSIOLOGY. 

Presidmt. — Prof. Benjamiii Moore, F.R.S. Vice-Presidents^^VvoW W. ])• 
Halliburton, F.R.S. ; Prof. Sir E. A. Schafer, F.R.S.; Prof. E. C. Slirlingi 
F.Pi.S. Secretarics.-^Vvoi, P. T. Hening, M.D. (Recorder) ; Prof. T. H. Milroy, 
M.D. ; Prof. W. A. Osborne, D.Sc. (Local Sec., Melbourne); Prof. Sir T, P. 
Anderson Si uart, M.D., LL.I). ( l 40 Cttl Sec., »Sydney). 


SECTION K.— BOTANY. 

President,— -Vvot F. 0. Bower, F.R.S, Vice-Presidents.— J. II, Maiden, 
F.L.S, ; Miss E. R. Saunders, F.L.S, ; Prof. A. C. Seward, F.R.S, Secretaries , — 
Pro^T. Johnson, D.Se. (/Recorder) ; Miss E. N. Thomas, D.Sc.; Prof. A. J. 
Ewart, D.Sc. (Local Sec., Melbourne); Prof. A. AnstruthtT Luw’fion, Ph.D , D.Sc. 
(Local See., Sydney). 


SECTION L.— EDUCATIONAL SCIENCE. 

President. — Prof. J. Perrv, F.R.S. Vice-Presidents. — Prof. II. E. Armstrong, 
F.R.S.; ('. A. Buckmaster, M.A.; G.T. Moody, D.Sc. Secretaries,— Vroi, J. A, 
Green, M.A. {Recorder}; C. A. Buckmaster, M.A.; J. Smyth, M.A. (Local 
Sec., Melbourne); P. Board, M.A. ^LocalSec,, Sydnc}). 


SECTION .M.— AfJRICULTURE. 

President.— A. U. Hall, F.R.S. Vice-Presidents,— K S. Beaven, F.C.S. ; 
Prof. T. B. Wood, 31. A. S^retaries. — J. Golding, FM.C. (i?aw</<r) ; A. Lauder, 
D.Sc. ; Prof. T, Cherry, 3I.Sc. (Local Sec., 31elbourue) ; Prof. R. D. Watt, M.A. 
(Local Sec., Sydney). 


CONFERENCE OF DELEGATES OP CORRESPONDING 
SOCIETIES (HAVRE, 1914). 

Chairman,— II. G. Fordham. Fece-CA«ir7>Mw?.— Sir E. Brabrook, 
8ecretanj.—yf. 3Iark Webb. 
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ATTENDANCES AND RECEIPTS, 


Table showing the Attendances and Receipts 


Date of Mooting 


PreaideDts 


01(1 Life New Life 
I Members Members 


1831, Sept. 27 York Viscount Milton, D.C.L., F.R.S t 

1832, June 18 Oxford ' The Rev. W. Bnckland, F.R.S ' 

1833, June 25 Cambridge ! The Rev. A. Sedgwick, F.R.S * 

1834, Sept. 8 Edinburgh ' Sir T. M.- Brisbane, D.O.L., F.R.8. ...| 

1835, Aug. 10 Dublin The Rev. Provost Lloyd, LL.D., F.R.S. 

1836, Aug. 22 Bristol The Marquis of Lansilowne, P.R.S.... 

1837, Sept. 11 Liverpool The Earl of Burlington, F.R.S. 1 

1838, A.ug. 10 Newoastle-ou Tyiie... The Duke of Northumberland, F.R.S.f 

1839, Aug. 26 Birmingham > Tlie Rev. W. Vcrinm Harcourt, P.U.S.| 

1810, Sept. 17 (flasgow ‘ The Marquis of Breadalbunc, F.B.S.' 

1841, July 20 Plvonouth The Rev. W. Whcwell, F.R.3. I 

1842, June 23 . ... Manchester The lionl Francis Egerton, F.G.S. ...i 

1843, Aug. 17 Cork j The Earl of Rosse, F.R.S ' 

1844, Sept. 26 York ' The Rev. G. Peaoock, D.D., F.R.S. ... 

1845, June 19 Cambridge Sir John F. W. Merschel, Bart., F.R.S.. 

1846, Sept. 10 Southampton Sir Roderick I.Mttrchl8on,Bart,P.R.S.i 

1847, June 23 Oxford Sir Robert H. Iiiglls, Bart., F.II.S. 

1848, Aug. 9 Swansea TheMarqui80fNorthampton,Pif)».R.S. 

1849, Sept. 12!!... Birmingiiam Tlie Rev. T. R. Robimion, D I)., P.R.S. : 

1860, July 21 Edinburgh Sir David Brewster, K.R., F.R.S 

1851, July 2 Ipswleh G. B. Airy, Astronomer Royal, F.R.S. 

1862,Sep't. 1 Belfast Lleut.-Geiieral Sabine, F.R.S 

1853, Sept. 3 Hull William Uopkiusii P.11.S 

1 854, Sept. 20 ! . . . . Liverpool Tlie Earl of Harrowby, F.R.S 

1855, Sept. 12 Glasgow The Duke of Argyll, F.R.S 

I 1856, Aug. 6 Cheltenham Prof,O.G.B.Daubeny,M.D., F.R.S..., 

1857, Aug. 26 Dublin Tlie Rev. E. Lloyd, D.D., P.B.S 

1858, Sept. 22 .. .‘ Leeds Richard Owen, M.D.,l).O.L.,F.R.S.... 

1859, Sept. 14 Aberdeen Tr.R.IL The Prince Consort 

1860, June 27 Oxford Tlie Lord Wrotte8ley,M.A., F.R.S. ... 

1861, Sept. 4 ' Manchester William Falrliairn, LL.D., F.R.a 

1862 Oct. I Cambridge Tlie Rev. Professor WlUls,M.A.,F.R.8. 

I863! Aug. 26 NewcastleK)n-Tyne...j SirWUHam G, Armstroiig.O.B,, F.R.S.i 


1887 Sept. 4 Dundee The Wukeor uucoieucn, 

1868! Ang. 19 Norwich ■ Dr. Joseph D. Hooker. F.R.S | 

1869, Aug. 18 Exeter ‘ Prof. G.O. Stokes, D.O.L., F.R.S 

1870, Sept. 14 Liverpool. 

1871, Aug. 2 Edinburgh ' Prof. Sir W. Thomson, LL.D., F.R.S.; 


1 1871' Aiiff. 2 Edinburgh ' Prof. Sir W. Thomson, LuD., F.ICS.' 

1872*, Aug. 14 ’..V." Brighton Dr. W. B. Carpenter, F.R.S •....! 246 

1873, Sept 17 .... Bradford ! Prof. A. W. Williamson. F.R.S 212 

1874 Atag. 19 “/Belfast Prof. J. Tyndall, LL.D., F.H.S 162 

1875, Aug. 25 ... Bristol ‘Sir John tlawksliaw, F.R.S 239 

1876, Sept. 6 Glasgow j Prof. T. Andrews, M.D., F.UJi 221 

1877, Aug. 15 Plymouth Prof. A . Thomron, M.D., F.R,S ' 173 

1878, Aug. 14 Dublin ' W. SpottUwoode, M.A., F.R.S 201 

1879, Aug. 2f) . Sheflield Prof. G. J. Allman, M.D., P.R.S > 184 

1880, Aug. 25 ...... Swansea ’ A. O. Ramsay, LL.D., F.tt.S » 144 

1881, Aug. 31 York Sir John Lubbock, Bart., FJt.8 j 272 

1882, Aug. 23 Southampton Dr. 0. W. Siemens, FJl,S j 178 

1883, Sept. Id Southport i Prof. A. Cayley, D.C.L., F.R.S 203 

1884, Aug. 27 Montreal i Prof. Lord Ilayleigh, F.R.S i 285 

1885, Sept. 9 i Aberdeen j Sir Lyon Playfair, K.fhB., F.RJB 225 

1886, Sept. 1 Birmingham • Sir J, W. Dawson, C.M.Gh F.R-S 314 

1887, Aug. 31 Manchester Sir H. E. lloacoc, p.O.L.jFEi8 j 428 

f - V: . - Sr m 'Ll \ w or nn vna 1 977 


1890; seiit. 3 Leeds : sir F. a. Ahel, C.B., F;B.S I 269 31 

1891, Aug. 19 (Jlanllff / Dr. W. Huggins, F.H.S j 189 24 

\\«>2,Aug.3 Edinburgh ' Sir A. Geikie, LL.D., F.R.S SSS { H 

N VtoI. fOI ‘ \1 

' TboMarnni»ofSalli.lmry,K.GnF.RA 327 91 

iSSfSK'fl : Sir Douglas Oaltou. K.aB., F.RH. ... 914 13 

i2S5’ J < Liverpool Sir Joseph Uster, Bart,, Pres. llil. .. |30 31 

* Sir John Brans, K.n.B.,F.ltS. 190 « 

1899, Sept. 13 ‘ Dover...., Sir Micliael Foster KC.B ’ •ana an 

1900. Sept. 6 Bradfonl Sir WlllUtt Turner, D.O.U,Oa';“ 967 . U 

• Indies irw*avl.dinftMbn>iiiviMM4tMHUuiitUUa. ♦ 

(CoM^Woill^.1.. 
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65 

303 
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109 

28 

226 

150 
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86 
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10 
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IH 
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3 
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12 

235 

9 

172 

8 
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10 
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1 .^ 

238 

33 

194 

33 
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14 

236 

l.S 

222 

43 

184 

27 

286 

21 

321 
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15 

m 

36 

287 ; 

40 

293 

44 

207 

31 

167 

25 

196 

18 

204 

21 

314 

39 

246 

28 

245 

36 

212 

27 

162 

13 

239 

36 

231 

35 

173 

19 

201 

18 

184 

16 

144 

11 

372 

28 

178 

17 

203 

60 

285 

20 

225 

18 

314 

95 

428 

86 

266 

36 

277 

20 

259 , 

21 

189 ' 

24 

m { 

H 

20 \ 

VI 

327 

91 

914 

13 

130 

31 

190 

8 


19 

•f*6 

90 

967 

13 



ATTENDANCES AND EECEIPT8, 


xHx 


a< Annual Meetings of the Assoeialion. 


Old ; 
Annual ; 
Members 

New 

Annual 

Members 

Asso- 

ciates 

i 

Ladies 

Foreigners 

Total 

Amount 
receivcfl 
during the 
Meeting 

Sums paid 
on account 
of Grants 
for Scientific 
Piirpf)se8 

Year 

— 


3 1 

— 

— 

353 

— 





1831 












1832 




; 

— 



900 








1833 




j 

— 


1298 





£20 0 

0 

1834 






— 


— 




187 0 

0 

1835 








— 

1350 

__ 



435 0 

0 

1836 





— 

— 

1840 




928 12 

6 

1837 




_ 

IlOO* 

— . 

2400 





m 2 

2 

1838 







— 

34 

1488 




1596 11 

U 

1839 







— 

40 

1853 




1516 16 

4 

1840 

46 

317 


60* 


891 




1235 10 11 1 

1841 

75 

876 

33t 

331» 

28 

1315 

— 



1449 17 

8 

1842 

71 

1H5 


160 


— 

- 



1565 10 

2 

1843 

45 

190 

9t 

260 

— 

->■ 




981 12 

8 

1844 


22 

407 

172 

35 

1079 




831 9 

9 

1845 

C5 

39 

270 

106 

36 

867 

- 



UR5 16 

0 

1846 

197 

40 i 

495 

203 

53 

1320 




208 5 

4 

1847 

54 1 

25 1 

376 

197 

15 

819 

'£707 

0 

0 

275 1 

8 

1848 

98 

33 1 

447 

237 

23 

1071 

963 

0 

0 

159 19 

6 

1849 

128 

42 ! 

510 

273 

44 

1241 

1085 

0 

0 

345 18 

0 

1850 

61 ! 

47 

241 

141 

37 

710 

' 620 

0 

0 

391 9 

7 

1851 

63 1 

60 , 

510 

202 

9 

1108 

1085 

0 

0 

304 6 

7 

1852 

56 1 

57 1 

367 

286 

C 

876 


0 

0 

205 0 

0 

1853 

131 

121 1 

765 

624 

10 

1802 

. 1882 

0 

0 

3B0 19 

7 

1854 

143 

101 I 

1094 

543 

26 

2133 

2311 

0 

0 

480 16 

4 

1855 

104 

48 . 

412 

816 

9 

1115 

1098 

0 

0 

734 13 

9 

1856 

" 166 

120 1 

900 

560 

26 

2022 

2016 

0 

0 

! 507 15 

4 

1857 

111 

91 ! 

710 

509 

13 

1698 

1931 

0 

u 

1 618 18 

2 

1858 

125 

179 1 

1206 

821 

22 

2561 

2782 

0 

0 1 684 11 

1 

1859 

177 

59 ; 

636 

463 

47 

16K9 

1604 

0 

0 

1 766 19 

6 

1860 

184 

125 . 

1589 

791 

15 

3138 

3914 

0 

0 

nil 5 10 

18*il 

150 

57 j 

483 

212 

25 

1161 

1089 

0 

0 

, 1293 16 

6 

1862 

151 

209 1 

1704 

1004 

25 

, 3336 

3640 

0 

0 

1608 3 lU 

1863 

182 

108 1 

1U9 

1058 

13 1 

2802 

. 2965 

0 

0 

• 1289 15 

8 

1864 

215 

149 

766 

508 

23 

1907 

2227 

0 

0 

, 1591 7 10 

1865 

318 

105 

960 

771 

. 11 ! 

2303 

2469 

0 

0 

1750 13 

4 

1866 

193 

118 , 

1168 

771 

7 

2444 

2613 

0 

0 

' 1739 4 

0 

1867 

226 

117 

720 

682 

451 

2U04 

2(V13 

0 

0 

■ 1940 0 

0 

' 1868 

229 

107 . 

678 

600 

1 

1836 

: 1931 

0 

0 

1622 0 

0 

: 1869 

30.8 

195 { 

1 lO-l 

910 

14 

2878 

3096 

0 

0 

1572 0 

0 

, 1870 

811 

127 . 

976 

761 

1 21 

2163 

2575 

0 

0 

1472 2 

6 

1871 

280 

80 1 

937 

912 

43 

2533 

2619 

0 

0 

; 1285 0 

0 

1 1872 

287 

99 1 

•796 

1 601 1 

11 

1983 

2120 

0 

0 

1685 0 

0 

1873 

232 

85 ! 

! 817 

i 680 

12 

1951 

' 1979 

0 

0 

. 1151 16 

0 

1874 

3(t7 

93 

i 884 

673 

17 

i 2248 

2397 

0 

0 

960 0 

0 

1875 

381 

185 

1 1265 

712 

25 

2774 

, 3023 

0 

0 

1092 4 

2 

1876 

288 

59 

; 416 

283 

11 

1 1239 

; 1268 

0 

0 

1128 9 

7 

1877 

290 

93 

' 1285 

674 

17 

i 2578 

2615 

0 

0 

725 16 

6 

1878 

289 

74 

i 629 

349 

13 

i 1404 

1425 

0 

0 

l(»80 11 11 

1879 

171 

41 

I 389 

147 

12 

915 

899 

0 

0 

731 7 

7 

' 1880 

31.3 

176 

! 1230 

514 

24 

{ 2567 

2689 

0 

0 

476 8 

1 

1881 

253 

328 

! 616 

189 

31 

1253 

I28(; 

0 

0 

1126 1 

11 

i?82 

330 

1 952 

8-11 

5 

2714 

3369 

0. 

0 

1083 3 

3 

1S83 

317 

219 

826 

74 

26A60H.5 1777 

1855 

0 

0 

1173 4 

0 

4884 

832 

122 

1053 

417 

6 

■ 2203 

2256 

0 

0 

1385 0 

0 

r 1885 

428 

179 

1067 

429 

11 

2453 

2532 

0 

0 

995 0 

6 

1886 

510 

241 

1985 

498 

92 

3838 

4836 

0 

0 

1186 18 

0 . 18S7 

390 

100 

639 

509 

13 

1984 

2107 

0 

0 

1511 0 

5 

i 1888 

412 

113 

1024 

579 

21 

t 2437 

2441 

0 

0 

1417 0 11 

1 1889 

308 

92 

680 

834 

13 

1 1775 

1776 

0 

0 

789 16 

8 

1 1890 

841 

152 

672 

107 

35 

1497 

1661 

0 

0 

1029 10 

0 

; 1891 

418 

141 

788 

439 

50 

2070 

2007 

0 

0 

864 10 

0 

1892 

328 

57 

773 

268 

17 

1661 

1653 

0 

0 

907 15 

6 

; 1893 

436 

69 

911 

451 

77 

2321 

2175 

0 

Q 

: 683 16 

6 

[ ISH 

290 

31 

40.3 

201 

38 

1324 

1236 

0 

0 

1 977 15 

5 

1 1896 

383 

189 

1384 

873 

41 

3181 

3228 

0 

0 

not 6 

1 

1896 

286 

126 

682 

100 

41 

1368 

1398 

0 

0 

1059 10 

8 

1897 

327 

96 

1051 

639 

83 

8446 

2399 

0 

0 

: 1212 0 

0 

1898 

324 

68 

648 

120 

87 

1403 

1328 
: 1801 

0 

0 

1430 14 

2 

1899 

297 

46 

801 

483 

9 

1915 

0 

0 

! 1072 10 

0 

1900 


t Inolnding La^es. } Fellow* of the American Aisooiatioa were admitted as Hon. Membera for tins Mectingt 

[Continued on p. li. 



Date of Meeting 


ATTENDANCES AND BECEIPTS. 

Table ehmeing the Attendances and Iteceipts 

^ . OJ<(iUfe 

Where lieM Presidents XTombefjt 


New Life 
Metubei'i 


1901, Sept. U 01asg»)W.,. 

1902, Sept, 10 Belfast 

1903, Sept. 9 Southjwrt 

‘ 190-1, Auir. 17 .... ('ainbridge 

I 1905, Aug. 15 South Africa 

f 1W6, Aog. I York 

j 1907, July 31 Lt'ioester 

I 1908, Sept. 2 Dnbhu 

I 1909, Aug. 25 Winnipeg 

I I9U).Aag.3I .. .. Sheffield 

I 1911. Aug. 30 Port.smonth 

I 1912, Sept. 4 Dundee 

I 1913, Sept. 10 Birniiugli.'iiit 

1914, Jnly«fc'ept.... Anstrali:i 


f Pn>f. A, W. Rilcker, D.Se.. Spc.R.S. ...' 

: Prof. J. Dewar, LL.D., P.U.S 

Sir Norman Loekyer, K.i’.B., F.U.S. 
Rt. Hon. A. J. Balfour, .V.P., F.R.S. 
ProLG. H. Darwin, Lli.D., IMI.S. ... 
l»ftif. K. RavLankester. LL.D., F.B.S. 

Sir David Gill, K.OMJ., F.R.S 

Dr. Froiiois: Darw'in, F.H..S 

Prof. Sir J. J. Thomson, F.R.8 

Rev. Prof, T. G. Bonney, F.R S. ... 
Prof. Sir W. Ramsay. K.C\B . F.R.S. 

Piof.E.A.SelUifcr, F.H.S 

Sir Oliver J. Lcnlge, F.U.S 

Prof. W. Bateson, P.R.9 - 


,^10 

37 

243 

21 

250 

21 

419 

32 

115 

40 

m 

lu 

27« 

10 

294 

24 

117 

13 

293 

26 

284 

21 

28.8 

M 

376 

4iJ 

172 

13 


f Including 848 Members of the South African Assooiatioo. 

Grants from the Calrd Fmui are not included in this and subsequent sums. 


ANALYSTS OF ATTENDANCES AT 
[The total aitendaneen for the years 1832, 


Average atie^idance 70 Meetings : 1858. 

Average} 

Attendanco 

Average attendance at o Meetings beginning during hettceoi 

1833 1860 1260 

Average attendance at 4 Meetings beginning during Jidg, hetm^en 

1841 md 1907 1122 

Average attendance at 32 Meetings beginning during Avgust ^ hetrceen 

1830awrn91l 1927 

Average attendance at 37 Meetings beginning during September, 

between 1831 and 1913 • , . . . 1977 

Attendance at 1 Meeting held in October^ Cambridge, 1862 . . 1161 


- Meetings beginning during August, 

Average attendance dt — 

4 Meetings beginning during the let week in August^ 1st-- 7fh) , 1905 

5 „ M „ 2nd „ „ „ ( 8th-.14tli) . 2130 

9 „ .. ., „ 3rd „ (l5th-2lHt) , 1802 

14 ,, fj n ' »« 4th M ,t (22nd’-31st) « 1935 



ATTENDANCES AND RECEIPTS, 


li 


at Annual Meetingt of the imoiatum— (continifsd). 


Old 

Annual 

Memljcrs 

j New 
Annual 

1 Members 

1 

Asso- 

ciates 

1 

Ladies 

Foreigners 

Total 

Amount i 
received j 
during the j 
Meeting 

Hums paiii i 
on account . 
ofOrants , 
for Scientific 
Purposes ! 

Tear 

374 

i 181 

794 

346 

SO 

1918 

£3046 0 

0 

I 

1901 

314 

! 86 

647 

806 

6 

1630 

1644 0 

0 

947 0 0 : 

1908 

319 

90 


866 

31 

1764 

1768 0 

0 

845 13 3 ; 

1903 

449 

113 

1338 

817 

131 

8789 

2660 0 

0 

887 18 11 ! 

1904 

937t 

411 

430 

181 

16 

3130 

1 3428 0 

0 

928 8 3 ! 

1905 

866 

93 

817 

363 

83 

1972 

1 1811 0 

0 

883 0 9 1 

1906 

389 

61 

< 669 

851 

42 

1647 

, 1661 0 

0 

; 757 13 10 i 

1907 

466 

113 

1 1166 

333 

14 

2397 

1 3317 0 

0 ;1157 18 8 : 

1908 

290** 

163 

789 1 

90 

7 

1468 

1 1623 0 

0 

1014 9 9 j 

1909 

370 

67 

1 668 1 

133 

8 

1449 1 

1439 0 

0 ' 

963 17 0 j 

1910 

349 


414 

81 1 

31 

1341 1 

1 1176 0 

0 1 923 0 0 ! 

1911 

368 

95 

1 2393 

359 

88 

3604 I 

3849 0 

0 

845 7 6 

1912 

480 

149 ! 

1887 

391 

20 

3649 

3756 0 

0 

978 17 lit 

1913 

189 i 

416011 ; 

3S9II 


31 

60448 ; 

4873 0 

0 .1086 16 4 , 

1914 


** Including 137 Members of the American AMOofatfon. 

II Sneclal arrangements were made for Members and Associates joining locally in Australia, see 
p. 086. The numbers include 80 Members who joined in order to attmd the Meeting of L* Association 
Fran«;aise at Le Havre. ^ 


THE ANNUAL MEETINGS, 1831-1913. 
1835, 1843, and 1§44 are nnknovm,'] 




Meetings beginning during September. 


Average attendance at — 


f.* 


AvetBige 

Attendance 


13 Meetings beginning daring the Ist week in September^ 1st. 7th). 2181 

17 „ 2nd „ „ ( 8th-14th). l\m 

r* „ „ 3rd „ „ „ (15th-21st). 2206 

2 „ „ „ 4th „ „ „ (22nd-S0th). *1025 


Meetings beginning during June^ July^ and October. 

' Attendance at 1 Meeting (1846, Jane 19) beginning during the 3rd 

week in June (16th-2l8t) . . . . ’ 

Average attendance at 4 Meetings beginning daring the 4th week in 

June (22nd-80th) 

Attendance at 1 Meeting (1851, July 2) beginning daring the 1st 

week in July (IsUTth) 

Average attendance at 2 Meetings banning daring the Jrd week in 

JaZy (16th.2l8t) . . 

Attendance at 1 Meeting (1907, July 31) beginning during the 6th 

weekint/ii^y (29th*3l8t) 

Attendance at 1 Meeting (1862, October 1) beginning during the Ist 

week in October (l8t->7th) • . . 

1914 . 


1079 

1306 

710 

1066 

1647 

1161 

c2 



Ul 


RESBAHCH COMMlTfEEB. 


LIST OF GRANTS: Australia, 1914. 


Research Committees, etc., appointed on behalf of the General 
Committee at the Australian ilEETiNu : August, 1914. 


1. Receiving Grants of Money, 


I Subject for Investigation, or Purpose ' Members of Committee I Grants 


Section A.— MATHEMATICS AND PHYSICS. 

£ $..l 

Seismological Obserrations. . Chairman. — ProfessorH.H. Turner.! 60 0 0* 

j Secretary. — Professor J. Perry. 

I j Mr. Horace Darwin, Mr. C. Davi- 

! I son, Dr. R. T. Glazebrook, Mr. 

M. H. Gniy, Professors J. W. 

I Judd and C. G. Knott, Sir J. 

1 Larmor, Professor R. Meldola, ! 

Mr. W. E. Plummer, Dr. R. A. i 
! Sampson, Pro fes.sor A. Schuster, j 
’ Mr. J. J. Shaw, and Mr. G. W. I 
: Walker. 


Investigation of the Upper Atmo- > Dr. W. N. Shaw. 25 0 0 

sphere. Secretary. — ]klr. B. Gold. • 

I Mr. C. J. P. Cave, Mr. W. H. Dines, 

; Dr. R. T. Glazebrook; Sir J. 
i Larmor, Professor J. E. Petavel, ♦ 

I Professor A. Schuster, and Dr. 
i W. Watson. 


Annual Tables of Constants and Chairman.^Bit W. Ramsay. 40 0 0 

Numerical Data, chemical, phy- Secretary. — Dr, W. C. McC. Lewis, 
sical, and technological. 

Calculation of Mathematical Chairman. — Professor M, J. M. 30 0 0 
Tables, Hill. 

Secretary. -^VrotBseox J. W. Nichol- 
son. 

j Mr. J, R. Airey, Mr^ T. W. Chaundy , 

' Professor Alfred Lodge, Pro* 

I fessor L. N. Q. Pilon, Sir G. 

I Greenhill, and Professors B. W. 

! Hobson, A. E. H. Love, H. M. 

I Macdonald, and A. G. Webster. 

* In addition, ttao Council was authoris&i to expend a sum not exceeding X70 for the printing of 
'^licnlars, 4c., in eonneotion with the Committee on Seismological Obseivationt. 





RESEABCH COMMITTEES. 


liii 


1. Receiving Grants of Momy^oontinneA, 
Subject for IiivestigatioD, or Purpose | Members of Committee 


Section B.— CHEMISTRY. 


The Study of Hydro-Aromatic Sub- 
stances. 


Dynamic Isomerism. 


The Transformation of Aromatic 
Nitroamines and allied sub- 
stances, and its relation to 
Substitution in Benzene De- 
rivatives. 

The Study of Plant Enzymes, 
particularly with relation to 
Oxidation. 


Correlation of Crystalline Form 
with Molecular Structure. 


; 4 

Study of Solubility Phenomena. 


! 


Chemical Investigation of Natural 
Plant Products of Victoria. 


I The Influence of Weather Con- 
ditions upon the Amounts of 
Nitrogen Acids in the Rainfall 
and tile Atmosphere. 

Research on Non-Aromatic Diazo- 
nium Salts 


Prof essorW. H . Perkin. ! 

Secreta/ry. — Professor A. W. Cross- 
ley. 

Dr. M. O. Forster, Dr. Le Sueur, 
and Dr. A. McKenzie. 

Chairman. — Professor H. B. Arm- 
strong. 

Secretary. — Dr. T. M. Lowry. 

Professor Sydney Young, Dr. Desch, 
Dr. J. J. Dobbie, and Dr. M. 0. 
Forster. 

Chairman.— VxotQSSOT F. S. Kip- , 
ping. j 

Secreta/ry. — Professor K.J.P.Orton. 

Dr. S. Ruhemann and Dr. J. T. 
Hewitt. 

Chairman.— yit. A. D. Hall. 

Secretary. — Dr. E. F. Armstrong. 

Professor H. E. Armstrong, Pro- 
fessor F. Keeble, and Dr. E. J. 
Russell. 

Chairman. — Professor W. J. Pope. 

Secretary. — Professor H. E. Arm- 
strong. 

Mr. W. Barlow and Professor 
W. P. Wynne. 

Chairman. — Professor H. £. Arm- 
strong. 

Secretary. — Dr. J. V. Eyre. 

Dr. E. F, Armstrong, Professor A. 
Findlay, Dr. T. M. Lowry, and 
Professor W. J. Pope, 

Chairman. — Professor Orme Mas- 
son. 

Secretary. — Dr. Heber Green. 

Mr. J. Cronin, and Mr. P. R. H. 
St. John. 

Chainnan . — Professor Orme Mas- 
son. 

Secretary. — Mr. V. G. Anderson. “ 

Mr. D. Avery and Mr. H. A. Hunt. 

67wir»iaM,-— Dr. F. D. Chattaway, 

jSiJcvatery.— Professor G.T.Morgan. 

Mr. P. G. W. Bayly and Dr. N. V. 
Sidgwick. 


Grants 


£ 9. a. \ 

15 0 0 1 


40 0 0 


20 0 0 


30 0 0 


25 0 0 


10 0 0 


50 0 0 

I 

40 0 0 

10 0 0 

c 3 
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RESEARGB COMMITTEES. 


^ 1. Rweiving Oranti of JfoNtfy— continued. 


Subject lor Iiivestigatioii,or Purpoce 

Members of Committee 

Grants 

Sbciios 0.— geology. 

£ fl.d. 

To investigate the Erratic Blocks 
of the British Isles, and to take 
measures for their preservation. 

Mr. R. H. Tiddeman. 
Secretary, R. Dwerryhouse. 
Dr. T. G. Bonney, Mr. F. W. 
Harmer, Rev. S. N. Harrison, 
Dr. J. Home, Mr. W. Lower 
Carter, Professor W. J. Sollas, 
and Messrs. W. Hill, J. W. 
Stather, and J. H. Milton. 

5 00 

To consider the preparation of a 
List of Characteristic Fossils. 

Chairman. — Professor P. F. Ken- 
dall. 

Secretary. W. Lower Carter. 
Mr. H. A. Alien, Professor W. 8. 
Boulton, Professor G. Cole/Dr. 
A. R. Dwerryhouse, Professors 
J. W. Gregory, Sir T. H. Hol- 
land, G. A. Lebour, and S. H. 
Reynolds, Dr. Marie C. Stopes, 
Mr. Cosmo Johns, Dr. J. £. 
Marr, Dr. A. Vaughan, Professor 
W. W. Watts, Mr. H. Woods, 
and Dr. A. Smith Woodward. 

: 10 0 0 

; 

! 

The Old Red Sandstone Rocks of 
KRtorcan, Ireland. 

Chairman, — Professor Grenville 
Colo. 

Secretary. — Professor T. Johnson. 
Dr. J, W. Evans, Dr. R. Kidston, 

and Dr. A. Smith Woodward. 

• 

10 0 0 

Fauna and Flora of the Trias of 
the Western Midlands. 

Mr. G. Barrcwv. 
Secretary, — Mr. L. J. AVills. 

1 Dr. J. Humphreys, Mr. W. Camp- 
1 bell Smith, Mr. D. M . S. Watson, 
i and Professor W. W. Watts. 

10 0 0 

To excavate Critical Sections in Chairman, — Professor W. W. 
the Lower Palaeozoic Hocks of Wattj. 

England and Wales. , Secretary, — Professor W. 0. 

Fearnsides. 

^ Professor W. 8. Boulton, Mr. E. S. 

" ' Cobbold, Mr. V. C. llling, Dr. 

Lapwortb, and Dr. J. B. Marr. 

Sbction D.— ZOOLOGX. 

15 0 0 

( 

i 

i 

To investigate the Biological 
Problems incidental to the Bel- 
muUet Whaling Station. 

ChaiTman.‘—Dt. A, E. Shipley. 
iSpcTfff ary.— Professor J, Stanley 
Gardiner. 

Professor W. A. Herdman, Rev. W. 
Bpotswood Green, Mr.B.S. Good- 
rich, Professor H. W. Marett 
Tims, and Mr. R. M . Barrington. 

46 0 0 1 

i 

j 



BE8EARCH COMMITTEES. 


Iv 


1. Receiving OrmU of i/b»<;y--contiDiied. 


Subject for Investigation, or Purpose 

Members of Committee 

Grants 

Komenclator Animalium Genera 
et Sub-genera. 

Ckairman.^Dr. Chalmers Mit- 
chell. 

Rev.T.R. R.Stebbiog. 
Dr. M. Lanrio, Prof. Marett Tims, 
and Dr. A. Smith Woodward. 

£ $.d 

25 0 0 

An investigation of the Biology of 
the Abrolhos Islands and the 
North-west Coast of Australia 
(north of Shark’s Bay to 
Broome), with particular refer- 
ence to the Marine Fauna. 

Chairman. — Professor W. A. Herd- 
roan. 

iSpcrefary.-— Professor W. J. Dakin. 
Dr. J. H. Ashworth and Professor 
F. 0. Bower. 

40 0 0 

To obtain, as nearly as possible, a 
representative Collection of 
Marsupials for work upon (a) 
the Reproductive Apparatus and 
Development, (&) the Brain. 

(7Wm<iu.--Profeasor A. Dendy. 
Secreiariet — Professors T. Flynn 
and G. E. Nicholls. 

Professor E B. Poulton and. Pro- 
fessor H. W. Marett Tims.' 

100 0 0 

Section E.-GEOGRAPHY. 


To investigate the Conditions 
determining the Selection of ; 
Sites and Names for Towns, 
with special reference to Aus- 
tralia. 

Chairman.--^\t C, P. Lucas. j 

Secretary. — Mr. H. Yule Oldham. | 
Mr. G. G. Chisholm, Professor A. J. I 
Herbertson, and Professor J. L. 

’ Myrts. 

20 0 0 

1 ■ . 

1 

1 

! 

The Hydrographical Survey of 
Stor Fjord, Spitsbergen, by Dr. 

1 W. S. Bruce. • 

Cfmirman, — Mr. G. G. Chisholm. 
&er<tary.— Mr. J. McFarlane. 

Dr, R. N. Budmose Brown, Capt. 
J. E. Davis, and Mr. H. Yule 
Oldham. 

j 60 0 0 

1 

To aid in the preparation of a 
Bathymetrical Chart of the 
Southern Ocean between Aus- 
tralia and Antarctica. 

CAuimetn.— Professor T.W. Edge- 
worth David. 

Secretary. — Capt. J. K. Davis. 
Professor J. W. Gregory, Sir C. P. 
Lucas, and Professor Orme 
Masson. 

o 

o 

8 


■AC 

Section R— ECONOMIC SCIENCE AND STATISTICS. 


The question of Fatigue from the 
Economic Standpoint, if pos- 
sible in co-operation with Sec- 
tion I, Sub-section of Psycho- 
logjr. 


Ckairman . — Professor Mairheaid. 30 0 0 
Seoretary,-^ Miss B. L. Hutchins. 

Miss A. M. Anderson, Professor 
F. A. Bainbridge, Mr. £. Cad- 
bury, Professor S. J. Cbapmac, 

Mr. P. Sargant Florence, Pro- , 
fessor Stanley Kent, Miss M. C. 

Matheson, Mrs. Meredith, Dr. 

C. S. Myers, Mr. J. W. Kams- 
bottom and Dr. Jenkins Robb. 


Ivi 


RBS8AHCE COMMITTEBS. 

1. BeedHng <?ni]tti<»/JrfMitf|f^ontiniied. 


Subject for InTostigation, or Parpose 


Memberc oi Committee 


Section 0.--ENGINEEBING. 


The Inrestigation of Gaseons Ex- 
plosions, with special reference 
to Temperature. 


Chairman.^Dr, Dogald Clerk. 
Seeretury.^ Professor W. E. palby. 
Professors W. A. Bone, K. W. Bur- 
stjill, H. L. Callendar, B. G. 
Coker, and H. B. Dixon, Drs. 
K. T. Glazobrook and J. A. 
Harker, Colonel H.C. L. Dolden, 
Professors B. Hopkinson and 
J. £* Petavel, Captain H. lliall 
Sankey, Professor A. Sinithells, 
Professor W. Watson, Mr. D. h. 
Chapman, and Mr. H. K. 
Wim peris. 


To report on certain of the more i Chairman.-^Vvoies&ot J. Perry. 


complex Stress Distributions in 
Engineering Materiai.^. 


Secret arks. — Professors E. G. 

Coker and J, E. Petavel. 
Professor A. Barr, Dr. Chas. Chrec, 
Mr. Gilbert Cook, Professor 
W. E. Dalby, Sir J. A. Ewing, 
Professor L. N.G. Filon, Messrs. 
A. R. Fulton and J. J. Guest, 
Professors J. B. Henderson and 
A. K. 11. Love, Mr. W. Mason, 
Sir Andrew Noble, Messrs. F*. 
Rogers and W. A. Scoble, Dr. 
T. K. Stanton, and Mr. J. S. 
Wilson. » 


Section H.—ANTHROPOLOGY. 


To investigate the Lake Pillages 
in the neighbourhood of Glas- 
tonbury in connection with a 
Committee of the Somerset 
Archmological and Natural 
History Society. 


To conduct Explorations with the 
object of ascertaining the Age 
of Stone Circles. 


CAairffwa.— -Professor Boyd Daw- 
kins. 

Secretary.— Mt, Willoughby Gard- 
ner. 

Professor W. Ridgeway, Sir Arthur 
J. Evans, Sir C. H. Head, Mr. 
H. Balfour, and Dr. A. Bulleid. 

CkairmatL—Sh C. H. Read. 
Secretary. — Mr. H. Balfour. 

Dr. G. A. Auden, Professor W. 
Ridgeway, Dr. J. G, Garson, Sir 
A. J. Evans, Dr. R. Munro, Pro- 
fessors Boyd Dawkins and J. L. 
Myres, Mr. A. L. Lewis, and 
Mr. H. Peake. 


To investigate the Physical 
Characters of the Ancient 
Egyptians. 


Professor G. Elliot 

Smith. 

8eeretaTy,^X>v, P. 0. Shrubsall. 
Dr. F. Wood-Jones, Dr. A. Keith, 
I and Dr. C. G. Seligman. 


I 


* 


i GnunU 

} 


i s.d. 

50 0 0 


50 0 0 


20 0 0 


20 0 0 


34 16 6 



BESEABCH COMMITTEES. ' ItU 


1. Beo9ivin§ 


Subject for luTeatigation, or Parpoae 

Members of Conunittee 

Grants 

To conduct Anthropometric In- 
vestigations in the Island of 
Cyprus, 

Professor J. L. Myres 
8eofetar}f,-^ht. F. C. Shrubsall. 
Dr. A. C. Haddon. 

£ f.d. 
50 0 0 

To excavate a Palseolithic Site in 
Jersey, 

ChaArmm, — Dr. R. R. Marett. 
Colonel Warton. 

Dr. C. W. Andrews, Mr. H. Bal- 
four, Dr. Dunlop, Mr. G. de 
Gruchj, and Professor A. 
Keith. 

50 0 0 

1 

1 

To conduct Archaeological Inves- 
tigations in Malta. 

Professor J. L. Myres. 
Secretary » — Dr. T. Ashby. 

Mr. H. Balfour, Dr. A. C. Haddon, 
and Dr. R. R. Marett. 

10 0 0 

To prepare and publish Miss 
Byrne’s Gazetteer and Map of 
the Native Tribes of Australia, i 

Professor Baldwin 

Spencer. 

Secretary. R. R. Marett. 

Mr. H. Balfour. 

20 0 0 

Section I.— PHYSIOLOGY. 


The Ductless Glands. 

Chairman. — Sir £. A. Schafer. 
Seor«tary,— Professor Swale Vin- 
cent. 

Professor A. B. Macallum, Dr. L. £. 
Shore, and Mrs.W.H. Thompson. 

35 0 0 

To acquire further knowledge, 
Clinical and Experimental, oon- 
cerning Anaesthetics— general 
and local— with special refer- 
ence to Deaths by or during 
Anaesthesia, and their possible 
diminution. 

Chairwan.-^Bi. A. D. Waller. 
Secretary.— Y. W. Hewitt. 

Dr. Blumfeld, Mr. J. A. Gardner, 
and Dr. G. A. Buckmaster. 

20 0 0 

Electromotive Phenomena in 
Plants. 

CJuiirman.—Di. A. D. Waller. 
Secretary. — Mrs. Waller. 

Professors J. B. Farmer, T. John- 
son, and Veley, and Dr. F. O’B. 
Ellison. 

20 0 0 

To investigate the Physiological 
and Psychological Factors in 
the production of Miners’ 
Nystagmus. 

6Vwi>7«a»,‘— Professor J. H. Muir- 
head. 

Secretary. — Dr. T. G. Maitland. 

Dr. J. Jameson Evans and Dr. 
C. S. Myers. 

20 0 0 

The Significance of the Electro- 
motive Phenomena of the Heart. 

C7Aair/;wa.— Professor W. D. Halli- 
burton. 

Secretary.— Florence Buch- 
anan. 

Professor A. D. Waller. • 

20 0 0 



Iviii 


HKSSAKCH COMMirrEES. 


1. Receiving Grants 0 / Momif — continueil. 


Subject for Investigation, or Purpose 

‘ 

Members of Committee 

Grants 

Metabolism of Phosphates. ' Chairman.’^-VTohsEOt W. A. Os- 

i borne. ; 

j Miss Kincaid. 

! Dr. Rothera. 

Section K,-.B0TANY. 

£ s,d, 
20 0 0 

The Structure of Fossil Plants. 

' 

! 

Chairman , — Professor F. W.Ollver. 
.Skcivfary.-— Professor F. E. Weiss. 
Mr. E. Newell Arber, Professor A. C. 
Seward, ^and Dr. D. H. Scott. 

0 

0 

Experimental Studies in the 
Pbydology of Heredity. 

1 

Cha irmm Professor F. F. Black - 
man. 

Secretary, R. P. Gregory 
Professors Bateson and Keeble 
and Miss E. R. Saunders. 

45 0 0 

. The Renting of Cinchona Botanic 
Station in Jamaica. 

Chairman , — Professor F. O. Bower. 
Secretary, R. H Yapp. 
Professors R. Buller, F. W. Oliver, 
and F. £. Weiss. 

25 0 0 

To cariy out a Research on the 
Influence of vaiying percent- 
ages of Oxygen and of various , 
Atmospheric Pressures upon 
Geotropic aud Heliotropic Ir- ; 
ritability and Curvature. | 

Chairman, - Professor F. 0. Bower. 
iSrcwfrtry.— Professor A. J. Ewart. 
Professor F. F. Blackman. 

i 

} 

50 0 0 

l*he Collection and Investigation . 
of Material of Australian Cy- 1 
cadacem, especially Bowenia • 
from Queensland and Macro- 
zaunia from West Australia. 

Chairman,’— VtoiesEOX A. A, Law- | 
son. , 1 

Secretary,— ’?Tfites60T T, G. B. j 
Osborn. ' 

Professor A. (J. Seward. 

\ 

25 0 0 

To cut Sections of Australian 
Fossil Plants, with especial 
reference to a specimen of } 
j Zygopteri.s from Simpson's ; 
i Station, Barraba, N.S.W. 

Professor Lang. ' 

Secretary , — Professor T. 0. B. | 
Osborn. j 

Professor T. W. E. David and ; 
Professor A. C. Seward. 

25 0 0 


SEcriON L.— EDUCATIONAL SCIENCE. 


To inquire into and report upon 
the methods and results of 
research into the Mental and 
Physical Factors involved in 
Education. 


■ 


Chairnian,~^T)T, C. S. Myers. 
Secretary . — Professor J. A. Green. 
Professor J. Adams, Dr. G. A. 
Auden, Sir £. Brabrook, Dr. W. 
' Brown, Mr. C. Burt, Professor 
E. P. Culverwell, Mr. G. P. 
Daniell, Miss B. Fozley, Pro- 
fessor R. A. Gregory, Dr. 
C. W. KImmins, Professor W. 
McDougall, Dr. T. P. Nunn, 
Dr. W. H. R. Rivers. Dr. P. C. 
bhrubsall, Mr. H. Bompas Smith, 
Dr. 0. Spearman, and Mr. A. E. 
I Twenty man. 


30 0 0 


! 





RESEARCH COBiMlTrEES. 


1. Beennng Oranttof continiied. 


Subject for Invesiigatioiii or Purpose 


The fnfluence.of School Books 
upon Eyesight. 


To inquire into and report on the 
number, distribution and re- 
spective values of Scholarships, 
Exhibitions, and Bursaries held 
by University Students during 
their undeigraduate course, and 
on funds private and open avail- 
, able for their augmentation. 

I 

\ To examine, inquire into, and re- 
! port on the Character, Work, 
and Maintenance of Museums, 
with a view to their Organisa- 
tion and Development as In- 
stitutions for Education and 
Research ,* and especially to 
inquire into the Requirements 
of Schools. 


Hembers of Committee 


(^airman,— Dr. G. A. Auden. 
dJpcrftery.— Mr, G. F. Daniell. 

Mr. C. H. Bothamley, Mr. W. D. j 
Professor R. A. Gregory, ’ 
Mr. J. L. Holland, Dr. W. E. j 
Sumpner, and Mr. Trevor Widsh. j 

Chaitman,-^SiT Hen^ Miers. 
Searetarif, — ProfessotMarcus Har- 
tog. 

Miss Lilian J. Clarke, Miss B. 
Foxley, Professor H. Bompas 
Smith, and Principal Griffiths. 


CAatViNa;t.— Professor J. A. Green. 

Secretaries.— Mr, H. Bolton and 
Dr. J. A. Clubb. 

Dr. F. A. Bather, Mr. 0. A. Buck- 
master, Mr. Ernest Gray, Mr. 
M. D. Hill, Dr. W. K. Hoyle, 1 
Professors E. J. Garwood and I 
P. Newberry, Sir Richaid 
Temple, Mr. H. Hamshaw 
Thomas, Professor F. E. Weiss, 
Ml)). J. White, Rev. H. Browne, 
Drs. A. 0. Uaddonand H. S. 
Harrison, Mr. Herbert R. Bath- 
bone, and Dr. W. M. Tattersall. 


-CORRESPONDING SOCIETIES. 


Corresponding Societies Com- 
mittee for the preparation of 
their Report. 


Chairman.— U t. W. Whitaker. 
Secretary.— ^T.W.hlark Webb. 
Rev. J. 0. Bevan, Sir Edward 
Brabrook, Sir H. G. Fordham, 
Dr. J. G. Garson, Principal E. H. 
Griffiths. Dr. A. C. Haddon, Mr. 
T. y. Holmes, Mr. J. Hopkinson, 
Mr. A. L. Lewis, Rev. T. R. R. 
Stebbing, and the President 
and General Officers of the 
Association. 


lix 


Grants 


i 

£ 8. d. 

5 00 


5 00 


20 0 0 


25 0 0 



lx 


RGSEAKCil COMMITTEES. 


2. Not receiving Qrantt of Money.* 


i ‘ 

/ Snbjdct for fnvestigfation, or Purpos® | Monibets of Comnuttoo 

/ anoTtoK A.— MATHEMATICS AND PHYSICS. 


s' Knilioioiegmpino Iiivesitigfiktiont*. 

I 

\ 


I 

i 

& 

I 


f/A4i^nfuiii.~«Sir Oliver Loileo. 

W. II Socles. 

Mr. S. G. Hrowii, Dr, C. Chree, Professor 
A. 8. Eddiogton, Dr. Rraklne-Murmy, 
Profesaon J. A. Fleming, 0. \V. 0. 
Howe, H. M. Macdouttld, iind J. W. 
Nicholson, Sir 11. Korman, Captain 
H. K. Sankey, Dr. A. Schuster, Dr. 
W. N. Shaw, Professor S. P. Thompson, 
and Profes.<or H. H. Turner. 


To aid the work of Establushing a Solar 
Observatory in Australia. 


♦Determination of Gravity at Sea. 


' Chairman.— 

Secretary.— Dr. W. G. Duffield. 

Rev. A. L. Cortie, Dr. W. J. iS. Lorkyer, 
Mr. F. McClean, and Professots A. 
Schuster and H. H. Turner. 

f’Atftma/f.— Professor A. E. Love. 
Secretary.— Professor W. G. Duflield. 

[ Mr. T. W. Ciiaundy and Professors A. S. 
Eddington and H. H. Turner. 


Section B.— CHEMISTRY. 


Research on the Utilization of llrown 
Coal Bye- Products. 

To report on the Botanical and Chemical 
Characters of the Eucalypts and their 
Correlation. 


Chairman,— ProtessoT Orme Masson. 
Secretary.— Ur. P. G. W. Bayly. 

Mr. D. Avery, 

Chairman.— Professor H. E. Armstrong. 
Secretary.-- Mr. H. G. Smith. 

Dr, Andrews, Mr. R. T. Baker, Professor 
F. 0. Bower, Mr. R. H. Cambage, 
l^rofessor A. J. Ewart, Professor C. B. 
Fawsitt, Dr. Hebcr Green, Dr. Cuth- 
bert Hall, Professors Ormc Masson, 
Rennie, and Robinson, and Mr. 6t. 
John. 


Section C,— GEOLOGY, 


The Collection, Preservation, and Sys- 
tematic Registration of Photographs 
of Geological Interest. 


To consider the Preparation of a List 
of Stratigraphical Names, used in the 
British Isles, in connection with the 
Lexicon of Stiatigraphioal Names in 
course of preparation by the Inter- 
national Geological Confess. 


Chairman . — Professor J, Qeikie. ; 

Secretaries . — Professors W. W. Watts and 
S. H. Reynolds. 

Mr. G. Bingley, Dr. T. G. Bonney, Mr. C. 
V. Crook, Professor E. J. Garwood, 
and Messrs. R. Kidston, A. S. Reid, 
J. J. H. Teall, R. Welch, and W. 
Whitaker. 

Chair mam,, — Dr. J. E. Marr. 
8ecreta/ry.—Cr. F. A. Bather. 

Professor Grenville Cole, Mr. Bernard 
Hobson, Professor Lebour, Dr. J. 
Horne, Dr. A. Btrahan, and Professor 


W. W. Watts. 

Excepting the case of Committees receiving grants from the Calrd Fund (p. Ixvlil). 



RESEARCH COMMITTEES. 

2. Not reeeMng 6FfaM^ii/jirMi^--coiitinaed. 


' Ixi 


Subject for InvestigatSon, or Purpose 


Members of Committee 


To consider the Nomenclature of the j 
Carboniferous, Permo-Carboniferous, ! 
and Permian Bocks of the Southern i 
Hemisphere. I 




Professor T. W. Edgeworth 

David. 

Secretary.— B. W. Skeats. 

Mr. W. S. Dun, Sir T. H. Holland, Pro- 
fessor Howchin, Mr. 0. W. Lamplugb, 
and Professor W. G. Woolnough. 


' Section D. 

*To aid competent Investigators se- 
lected by the Committee to carry on 
definite pieces of work at the Zoolo- 
gical Station at Naples. 


To investigate the Feeding Habits of 
British Birds by a study of the 
contents of the crops and gizzards 
of both adults and nestlings, and by 
collation of observational evidence, 
with the object of obtaining precise 
knowledge to the economic status 
of many of our commoner birds 
affecting rural science. 

To defray expenses connected with work 
on the Inheritance and Development 
of Secondary Sexual Characters in 
Binls. 

To summon meetings in London or else- 
where for the consideration of mat- 
ters affecting the interests of Zoology 
or Zoologists, and to obtain by corre- 
spondence the opinion of Zoologists 
on matters of a similar kind, with 
power to raise by subscription from 
each Zoologist a sum of money for 
defraying current expenses of the 
Organisation. 

To nominate competent Naturalists to 
perform definite pieces of work at 
tlie Marine Laboratory, Plymouth. 


To formulate a Definite System on 
which Collectors should record their 
captures. 


* See note on 


-ZOOLOGY. 

Chairman.— yLr. E. 8. Goodrich. 
Secretary.— Dr. J, H. A.shworth. 1 

Mr. G. P. Bidder, Professor F. 0. Bower, 
Drs. W. B. Hardy and S. F. Harmer, I 
Professor S. J. Hickson, Sir E. Ray 
Lankester, Professor C. McIntosh, . 
and Dr. A. D, Waller . } 

Ckairfftan.—Dr. A. B. Shipley. 
Secretary.— hifr. H. S. Leigh. 

Mr. J. N. Halbert, Professor Robert | 
Xewstead, Messrs. Clement Rei4 
j A. G. L. Rogers, and F. V. Theobald, 

' Professor F. E. Weiss, Dr. C. Gordon 
Hewitt, and Professors 8. J. Hickson, 

; F. W. Gamble, G. H. Carpenter, and 
; J. Arthur Thomson. 

j Chairmm.—Vrofessor G. C. Bourne. 

I Slecretary.—Mr. Geoffrey Smith. 

' Mr. E. S. Goodrich, Dr. W. T. Caiman, , 
and Dr. Marett 11ms. < 

Chairman . — Sir E. Ray Lankester. 

' Secretary . — Professor 8. J. Hickson. 
Professors G. C. Bourne, J. Cossar Ewart, 

M. Hartog, and W. A, Heidman, Mr. 

M. D. Hill, Professors J. Graham Kerr 
and Minchin, Dr. P. Chalmers Mitchell, 
Professors E. B. Poulton and Stanley 
Gardiner, and Dr. A. E. Shipley. 


Chairman and Professor A. 

Dendy. 

Sir E. Bay Lankester, Professor J. P. 
Hill, and Mr. E. 8. Goodrich. 


CA/iirwan.—Professor J. W. H. Trail. 
Secretary.— Mr. F. Balfour Browne. 

Drs. Scharff and E. J. Bles, Professors 
G. H. Carpenter and £. B. Poulton, 
and Messrs. A. G, Tansley and R. liloyd 
Praeger. 

ecediug page. 
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Herdman. 

fww t irr K«n«ode, 

uLmF' Professor B. W. 

MeDrkfci, god Lotd Raglan. > 


SiCTiOK E.— OEOOBAPHY. 


To loqulrt' into the choice AOii btyk of 
; Atlas, Textual, and Wall Maps for 
' School and Tniverbity Ose. 


Professor J. L. i 

.Srciwfory,— Kev. W. J. llarlon { 

Professors K. L Archer and U. K. H. | 
Brown, Mr. G. G. ('hlbholm, Professor 
H. N. Dickson, Mr A. R. Uinks, Mr ’ 
0 J. R. Howarth, Sir Duncan John- > 
ston, and Mr. £, A. Reeves. f 


Section G.-^ENGINEERING. 

To consider and report on the Stan- rAtfimaw.— Piofes-'Oi W. H Warien. 
dardization of Impact Tests, j Seerdary —Mr J, VIcar^ 

I Mr. J ulms, Professor Gibson, Mr, Houfjh- 
I ton, and Profcssoi Payne. 


I 

Section H.-ANTHROPOLOGY. 


The Collection, Preservation, and > Chairman , — Sir 0. H. Head. 
Systematic Kegistration of Photo- 
graphs of Anthropological Interest. 


To conduct Archeological and Ethno- 
logical Researches in Crete. 


To report on the present state of know- 
ledge of the Prehistoric Civilisation 
of the Western Mediterranean with 
a view to future research. 


To conduct Excavations in Easter Island. 


To report on PalaBohthic Sites in the 
West of England. 


Secretary . — 

Dr. G A. .\uden, Mr K. Hcawood, and | 
Professor J, L Myres 

I 

Chairman.’— 'hU. D. G. Hogarth i 

Secretary’^ Professor J L. Myres. i 
Professor R. C. Bosanquet, Dr. W. L H. 
Duckworth, Sir A. J. Evans, Professor 
j W. Ridgeway, and Dr. F. C. Shrubsall. 

\ 

Chairman -Professor W. Ridgeway. 
Secretary. ^X>T, T. Ashby. i 

Dr W. L. H. Duckworth, Mr, D. O. , 

Hogarth, bir A. J. Evans, Professor 
, J. L Myres, and Mr, A. J. fi. Wace. 

Chair A. C. Haddon. 
Secretary.— ‘Dt. W, H. R. Rivers. 

, Mr. R. R. Marett and Dr. Q. 0. Keligman. 

j I 

Chairman.— ’?T0teBBOT Boyd Dawkins, i 

Secretary.— ’Vr. W. L, H. Duckworth. I 

I Professor A. Keith. ) 
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Snbjeot for InvoBtigtiktion, or Purpose ' 


The Teaching of Anthropology. 


To excavate Early Sites in Macedonia. 


To report on the Distribution of Bronze 
Age Implements. 


Members of Ckmimittee 


^ima».-^Sir Richard Temple. 
Seeretary.^Xit. A. C. Hadden. 

Sir E. F. im Thnm, Mr. W. Crooke, Dr. 

O. G. Seligman, Professor G. Elliot 
Smith, Dr. R. R. Marett, Professor 

P. B. Newberry, Dr. G. A. Auden, Pro* 
fessors T. H. Bryce, P. Thompson, 
R. W. Reid, H. J. Flenre, and J. L. 
Myres, Sir B. C. A. Windle, and Pro- 

, fessors R. J. A. Berry, Baldwin Spencer, 
Sir T. Anderson Stuart, and E. C. 
Stirling. 

CAairmAa.-~Profes8or \V. Ridgeway. 
Secretary, — Mr. A. J. B. Wace. 
Professors R. C. Bosanquet and J. L. 
Myres. 

Chairmm, — Professor J.^L. Myres. 
Secretary.— H. Peake. 

Professor W. Ridgeway, Mr, H. Balfour, 
Sir 0. H. Read, Professor W. Boyd 
' Dawkins, and Dr. R. R. Marett. 


To investigate nn<J ascertain the Distri- i Professor Boyd Dawkins. j 

bution of Artificial islands in the j Secretary.— Prof. J. L. Myres. j 

lochs of the Highlands of Scotland, j Professors Bryce and W. Ridgeway, | 

Dr. A. Low, and Mr. A. J, B. Wace. 


To co-operate with Local Committees 
in Excavations on Roman Sites in 
Britain. 


Chairman.— Professor W. Ridgeway. 
Secretary. — Professor R. C. Bosanquet. i 

Dr. T, Ashby, Mr. Willoughby Gardner, * 
and Professor J. L. Myres. 


Section I.- 

The Dissociation of Oxy-Hiemoglobin 
at High Altitudes. 


Colour Vision and Colour Blindness. 


PHYSIOLOGY. 

Chairman. — Professor E. H. Starling. 
Secretary. — Dr. J. Barcroft. 

Dr. W. B. Hardy. 

6’Aaimun.— Ihrofessor E. H, Starling. 
Secretary.— Dr. Edridge-Green. 
Professor Leonard Hill, Profe&sor A. W. 
Porter, Dr. A. D. AValler, Professor C. S. 
Sherrington, and Dr. F. W. Mott. 


i 


Calorimetric Observations on Man in 
Health and in Febrile Conditions. 

Further Researches on the Structure 
and Function of the Mammalian 
Heart, 

The BinoculaiC Combination of Kine- 
matograph Pictures of different 
Meaning and its relation to the 
Binoculm: Combination of simpler 
Perceptions. 


Chairman.— Professor J. S. Macdonald. 
Secretary.— Dr. Francis A. Duffield. 

Dr. Keith Lucas. 

Professor C. S. Sherrington. 
Secretary. — Professor Stanley Kent. 

Dr. Florence Buchanan. 

Chairman.— Dr. C. 8. Myers. 
Secretaiy.—T. H. Pear. 
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RESOLUTIONS, ETC. 


2. NotreeeiriHg Grantiof continued. 

Sabjocl foE Investigation, or l^urpose Members of Committee 


Skctiox K.— botany. 


I To consider and report on llie ad- 
• visability and the best means of 
securing definite Areas for the 
Preservation of Types of Pritisb 
j Vegetation. 


Chairman,-^VtoloB»or F. E. Weiss. 

Mr. A. G. Tansley. 

Professor J. W. il. Trail, Mr. K. Lloyd 
Praeger, Professor F. VV. Oliver, Pro- 
fessor R. W. Phillips, Dr. C. E. Moss, 
and Messrs. 0. C. Drucc and H. W. T. 
Wager. 


The Investigation of the Vegetation of 
Ditcham Park, Hampshire. 


ChairmafL~^Mr. A. G. Tansley. 
Seoretary,^yir, R. S. Adamson. 

Dr. C. E. Moss and Profe3.sor R. II. Yapp. 


Section L.-~EDUCATI0NAL SCIENCE. 


! To take notice of, and report upon i 
changes in, Regulations— whether 
Legislative, Administrative, or made 
by Local Authorities — affecting 
Secondary and Higher Education. 


Professor H. K. Arrnsfroiig. 
Secretary.-— Uiijot K. Gray. 

Miss Coignan, Principal Griffiths, Dr. 
C. W. Kimmins, Sir Horace Plunkett, 
Mr. H. Ramage, Professor M. E.Stwller, 
and Rt. Rev. J. K. C. Welldoii. 


The Aims and Limits of Examinations. 


Professor M. E. Sadler. 
Secretary. P. J. Harlog. 

Mr. D. P. Berridge, Professor G. H. 
Bryan, Mr. W. I). Eggar, Professor 
R. A. Gregory, Princip.al E. H. 
Griffiths, Miss 0. L. Laurie, Dr. W. 
McDougall, Mr. David Mair, Dr. T. P. 
Nunn, Kir W. Ramsay, lit. Rev. J. E. C. 
Welldon, Dr. Jessie White, and Mr. 
G. U. Yule. 


Commtinications ordered to be printed in extenso. 

SectiaH A.-.<-JoiDt Discussion with Section 6 on the Structure of Atoms and 
Molecules. 

Section J.— Dr. E. Goldstein : Salts coloure<l by Cathode Rays. 

Section Cl—Discussion on Physiography of Arid Lands. 

Section 1 ). — Discussion on Antarctica. 

Section I. — Dr. J. W. Barrett : The Problem of the Visual Requirements of the 
Sailor and the Railway Employee. 

Sectwn if.— Dr. Lyman J. Briggs : Dry-farming Investigations in the United States. 

Besolutions referred to the Council for considerationt andt if desirabUf 

for action* 

(a) From Sections A and C* 

* That in view of the fact that meteorites, which convey inforinttion of world- 
wide importance, are sometimes disposed of privately, in such a way as to deprive 
the public of this information, the Council be requested to take such steps as may 
initiate international legislation on the matter.' 

(b) From Section A, 

* That the British Association respectfully urge the need for the establishment 
in Australia of a Bureau of Weights and Measures, with the view of legalising the 
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metric system as an alternative standard (as in Great Britain). They would also 
cordially welcome the inclusion of Australia as a member of the International 
Convention.’ 

(c) From Section A, 

*That the British Association learns with great Satisfaction that the State 
Government of Victoria has put a definite annual grant at the disposal of the 
Director of the Melbourne Observatory for printing the work already done at the 
Observatory, ft is very desirable that every effort should be made to publish as soon 
as possible the arrears accumulated during the past thirty years.’ 

« 

(d'f IfVom Sections C and K 

*The Committees of the Geographical and Geological Sections of the British 
Association wish to draw atH^ntion to the high scientific value and practical 
importance of systematic glacial observation in New Zealand, and venture to urge 
upon tiie favourable consideration of the Government of the Dominion the great 
importance of continuing and extending the work which is now being done in this 
direction by oflicers of the Government, as far as possible in conformity with the 
methods adopted by the Commission Internationale des Glaciers.’ 

(e) From Sections C and K 

‘ The Geographical and Geological Sections of the British Association respect- 
fully request the Secretary of State for the Colonies to establish on certain islands 
in the Choral Seas— in extension of a plan that has lately been presented to His 
Excellency the Governor of Fiji, and by him submitted for the favourable con- 
sideration of the Legislative Council of that Colony— a number of bench-marks, 
with respect to which the mean level of the sea surface shall be accurately deter- 
mined once every ten years, in order to discover, after a century or longer, whether 
any change takes place in the altitude of land with respect to the sea. 

* It is suggested that a uniform plan for this work be prepared by the appropriate 
Government department, and that an abstract of the results obtained for each decade 
be forwarded to the British Association for publication.’ 

(f) From Section C. 

* That the Committee of Section C submits for favourable consideration to the 
committee of Recommendations of the British Association the (Question of urging 
the Federal and Stdte Governments in Australia to co-operate in undertaking, as 
soon as possible, a,gravity survey of the Earth's crust within the area of the 
Commonwealth. The Committee suggests that the work be commenced in the 
region of the Great Rift Valley of Australia, extending from near Adelaide north- 
wards to Lake Eyre.* 

(g) From Section jS. 

' The Committee of Section E most warmly favours the project of a uniform 
Map of the World on a scale of 1 : 1,000,000, and expresses the hope that the sheets 
of Australia may be undertaken as soon as possible, on the same plan as has lately 
been adopted by the War Office in London for a map of Africa, and by the 
Geological Survey in Washington for the U.S.A. To this end they regard it as 
desirable that in the extensive surveys which the several States of the Common- 
wealth are carrying on, as much stress should belaid upon the geographical features 
of the land, the watercourses and the mountains, as upon property boundaries, and 
that in particular the determination of altitudes should be carried on, in order 
eventually to provide the basis for contoured maps.’ 

(h) From Sections D and K, 

* It is with much pleasure that we ascertain that a Bill has been prepared by the 
present Government of South Australia for the establishment of a reserve of 800 
square miles situated on the western end of Kangaroo Island for the preservation of 
the fauna and flora, which are fast being exterminated on the mainland, and that 
this reserve will be placed under the control of a Board nominated by the University 
of Adelaide and the Government. We trust that this Bill will become law at an 
early date.’ 



ixvi BBSIABCH COKUITTBBS. 

(i) JFV«m» the Cemmtttee JBecemmendetUnu. 

'Thftt In view of the saecessfnl Usue of the Aiutnlian Meeting of the Aemcia- 
tion, the Coancil be asked to consider the iwst means of bringing into cioser 
relatlonsbip the British Association and scientillo representatives from the 
Dominions overseas.' 


Synopsis of Grants of Money {exclusive of Grants from the Caird 
Fw/idf) appropriated for Scientific Purposes on helmlf of the General 
Commiitee at the Atcstralidk Meeting^ September 1914. The 
Names of Memlers entitled to call 07 i the General Treasurer for the 
Grants are prefixed to the respective Research Committees, 


Section A, — Maihe^noUicat and Physical Scie7ice. 

£ s. d. 

♦Turner, Professor H. H. — Seismological Observations t60 0 0 

♦Shaw, Dr. W. N.— Upper Atmosphere 25 0 0 

♦Ramsay, Sir W. — Annual Table of Constants and Numerical 

Data 40 0 0 

♦Hill, Professor M. J. M. — Calculation of Mathematical 

Tables 30 0 0 

Section B, — Chemistry, 

•Perkin, Dr. W. H.—Study of Hydro-aromatic Substances 1.5 0 0 

•Armstrong, Professor H. E. — Dynamic Isomerism 40 0 0 

♦Kipping, Professor F. S. — Transformation of Aromatic Nitro- 

amines 20 0 0 

♦Hall, A. D. — Study of Plant Enzymes 30 0 0 

♦Pope, Professor W. J. — Correlation of Crystalline Form with 

Molecular Structure 2.5 0 0 

•Armstrong, Professor H. E. — Solubility. Phenomena 10 0 0 

Masson, Professor Orme. — Chemical Investigation of Natural 

Plant Products 50 0 0 

Masson, Professor Orme, — Influence of Weather Conditions 

on Nitrogen Acids in Rainfall 40 0 0 

Chattaway, Dr. F. D. — Non-aromatic Diazonium Salts 10 0 0 

Section C. — Geology, 

♦Tiddeman, R. H.— -Erratic Blocks 5 0 0 

♦Kendall, Professor P. F. — List of Characteristic Fossils 10 0 0 

♦Cole, Professor Grenville.— Old Red Sandstone Rocks of 

^ Kiltorcan ; 10 0 0 

♦Barrow, G. — Trias of Western Midlands 10 0 0 

♦Watts, Professor W. W. — Sections in Lower Palaeozoic 

Bocks 15 0 0 


Carried forward £445 0 0 


• Keappointed 

f In addition, the Council are authorised to expend a sum not exceeding Xro on 
the printing of circulars, 4cc., in connection with the Ooramittee on Seismological 
OOservations. 
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£• 8, d. 

Brought forward 445 0 0 

Section D. — Zoology, 

♦Shipley, Dr. A. E.— Belmullet Whaling Station 45 0 0 

♦Mitchell, Dr. Chalmers. — Nomenclator Animalium 25 0 0 

Herdman, Professor W. A. — Biology of Abrolhos Islands ... 40 0 0 

Dendy, Professor A, — Collection of Marsupials 100 0 0 

Section E, — Geography, 

Lucas, Sir C. P. — Conditions determining Selection of Sites 

and Names for Towns.. 20 0 0 

Chisholm, G. G.— Survey of Stor Fjord, Spitsbergen 50 0 0 

David, Professor T. W. E. — Antarctic Bathymetrical Chart 100 0 0 

Section F, — Economic Science and Statistics, 

♦Muirhead, Professor J. P. — Fatigue from Economic Stand- 
point. 30 0 0 

Section G,— Engineering, 

♦Clerk, Dr. Dugald.*— Gaseous Explosions 50 0 0 

♦Perry, Professor J.— Stress Distributions 50 0 0 

Section II, — Anthropology, 

♦Dawkins, Professor Boyd. — Lake Villages in the neighbour- 
hood of Glastonbury 20 0 0 

♦Read, Sir C. H. — Age of Stone Circles 20 0 0 

♦Smith, Professor G. Elliot. — Physical Characters of the 

Ancient Egyptians 34 16 6 

♦Myres, Professor J. L. — Anthropometric Investigations in 

Cyprus 50 0 0 

♦Marett, Dr. R. Ri— Palaeolithic Site in Jersey 50 0 0 

Myres, Professor J, L. — Excavations in Malta 10 0 0 

Spencer, Professor Baldwin.— Gazetteer and Map of Native 

Tribes of Australia .' 20 0 0 

Section I, — Physiology 

♦Schafer, Sir E. A. — The Ductless Glands 35 0 0 

♦Waller, Dr. A. D. — Amesthetics 20 0 0 

♦Waller, Dr. A. D. — Electromotive Phenomena in Plants 20 0 0 

♦Muirliead, Professor J. F.— rMiners’ Nystagmus 20 0 0 

Osborne, Professor W. A. — Metabolism of Phosphates 20 0 0 

Halliburton, Professor W. D. — Electromotive Phenomena of 

the Heart 20 0 0 

Section K, —Botany, 

♦Oliver, Professor F. W. — Structure of Fossil Plants 15 0 0 

♦Blackman, Professor F. F. — Physiology of Heredity 45 0 0 

♦Bower, Professor F. 0.— Renting of Cinchona Botanic Sta- 
tion, Jamsdca ■ 25 0 0 

Carried forward £1,379 16 6 


* Reappointed. 
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i? $. il 

^Brought forward........ 1,379 

Bower» Professor F, 0.— Influence of Percentages of Oxygen, 
kc.s on Geotropic and Heliotropic Irritation and Curva- 
ture *50 0 0 

Lawson, Professor A, A. — Australian Cycadacew 25 0 0 

Lang, Professor W. H.-~ Sections of Australian Fossil Plants 25 0 0 


Section L. — Educaiim. 

"^Myers, Dr. C. S. — Slenral and Physical Factors involved in 

Education 30 0 0 

•Auden, Dr. G. A.— Influence of School Books on Eyesight ... 5 0 0 

•triers, Sir H.— Scholarships, &c., held by (Tniversity Stiwlents 5 0 0 
^(r'reen, Professor J. A. — Character, Work, and Maintenance 

of Museums *J() 0 0 

Commanding Soeuties Committee, 

•Whitaker, W* — For Preparation of Report 25 u 0 


Totftlt 4.1,031 10 0 


• Reappointed. 

f Including £70 a.s specilied in footnote on p. Ixvi. 


Caihd Fund. 

An unconditional gift of 10,000/. was made to the Association at the 
Dundee Meeting, 1912, by ilr. (afterwards Sir) J. K. Caird, LLD., of 
Dundee. 

The Council in its Report to the General Committee at the Bir- 
mingham Meeting made certain recommendations as to the administra- 
tion of this Fund. These recommendations were adopted, with the 
Report, by the General Committee at its meeting on September 10, 1913. 

The following allocations have been made from the Fund by the 
Council to December 1914 : — 

Naples Zoological Station Committee (p. 50/. (1012-13); 100/. 

(1913-14) ; 100/. annually in future, subject to the adoption of the Com- 
mittee's report. 

Seismology Committee (p. lii). — 100/. (1913-14); 100/. annually in 
future, subject to the adoption of the Committee's report. 

Badiotelegraphic Committee (p. lx). 500/. (1913-14). 

Magnetic lie-survey oj the British Isles (in collaboration with the 
Royal Society). — 250/. 

Committee on Determination of Gravity at Sea (p. lx). — 100/. 
(1914-15). 

Mr- F, Sargenty Bristol University^ in connection with his Astro- 
nomical Work, — 10/. (1914). 

Sir J. K. Caird, on September 10, 1913, made a further gift of 1,000/. 
to the Association, to be devoted to the study of Radio-activity. 
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ADDBESS 

BT 

Pbofessob william BATESON, M.A., F.B.S., 
FBESIDENT. 


Part L-MBLB0UBNE.‘ 

* 

The outstanding feature of this Meeting must be the fact that we are 
here — in Australia. It is the function of a President to tell the 
Association of advances in science, to speak of the universal rather than 
of the particular or the temporary. There will be other opportunities 
of expressing the thoughts which this event must excite in the dullest 
heart, but it is right that my first words should take account of those 
achievements of organisation and those acts of national generosity by 
which it has come to pass that we are assembled in this country. Let 
us, too, on this occasion, remember that all the efiort, and all the 
goodwill, that binds Australia to Britain would have been powerless to 
bring about such result had it not been for those advances in science 
which have given man a control of the forces of Nature. For we are 
here by virtue of the feats of genius of individual men of science, 
giant-variations from the common level of our species ; and since I am 
going soon to speak of the significance of individual variation, I cannot 
introduce that subject better than by calling to remembrance the line 
of pioneers in chemistry, in physics, and in engineering, by the work- 
ing of whose rare— or, if you will, abnormal — ^intellects a meeting of 
the British Association on this side of the globe has been made physically 
possible. « 

I have next to refer to the loss within the year of Sir David Gill, 
a former President of this Association, himself one of the outstanding 
great. His greatness lay in the power of making big foundations. He 
built up the Cape Observatory; he organised international geodesy; he 
conceived and* carried through the plans for the photography of the 
whole sky, a work in which Australia is bearing a conspicuous part. 

‘ Delivered in Melbourne on Friday, August 14, 1914. 
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Astronomic^ observation is now organised on an international scale, 
and of this great scheme Gill was the heai-t and soul. His labours have 
ensured a base from which othera will proceed to discovery otherwise 
impossible. His name will be long remembered with veneration and 
gratitude. 

As the subject of the Addresses which I am to deliver here and 
in Sydney I take Heredity. I shall attempt to give the essence 
of the discoveries made by Mendelian or analytical methods of 
study, and I shall ask you to contemplate the deductions which these 
physiological facts suggest in application both to evolutionary theory at 
large and to the special case of the natural history of human society. 

Recognition of the significance of heredity is modern. The term 
itself in its scientific sense is no older than Herbert Spencer. Animals 
and plants are formed as pieces of living material siilit from the bofly 
of the parent organisms. Their powers and faculties are fixed in their 
physiological origin. They are the consequence of a genetic process, 
and yet it is only lately that this genetic process lias become the subject 
of systematic research and experiment. The curiosity of naturalists 
has of course always been attracted to such problems; but that accurate 
knowledge of genetics is of paramount importance in any attempt to 
understand the nature of living things has only been realised quite 
lately even by naturalists, and with casual exceptions the laity still 
know nothing of the matter. Historians debate the past of the human 
species, and statesmen order its piesent or profess to guide its future 
as if the animal Man, the unit of their calculations, with his vast 
diversity of powers, were a homogeneous material, which can be 
multiplied like shot. 

The reason for this neglect lies in ignorance and misunderstanding 
of the nature of \amt\ou', for not until the fact of congenital diversity 
is grasped, with all that it imports, does knowledge of the system of 
hereditary transmission stand out as a primary necessity in the con- 
struction of any theory of Evolution, or any scheme of human polity. 

The first full perception of the significance of variation we owe to 
Darwin. The present generation of evolutionisto realises perhaps more 
fully than did the scientific world in the last century that the theory of 
Evolution had occupied the thoughts of many and found acceptance 
with not a few before ever the ‘ Origin ’ appeared. We have coino also 
to the conviction that the principle of Natural Selection cannot have 
been flie chief factor in delimiting the species of animals and plants, 
such as we now with fuller knowledge see them actually to be. We 
are even more sceptical as to the validity of that appeal to changes in 
the conditions of life as direct causes of modification, upon which 
latterly at all events Darwin laid much emphasis. But that he was the 
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first to provide a body of fact demonstrating the variability of living 
things, whatever be its causation, can never be questioned. 

There are some older collections of evidence, chiefly the work of 
the French school, especially of Godron*— and I would mention also 
the almost forgotten essay of Wollaston® — ^these however are only 
fragments in comparison. Darwin regarded variability as a property 
inherent in living things, and eventually we must consider whether this 
conception is well founded ; but postponing that inquiry for the present, 
we may declare that with him began a general recognition of variation 
as a phenomenon widely occurring in Nature. 

If a population consists of members which are not alike but difieren- 
tiated, how will their characteristics be distributed among their off- 
spring? This is the problem which the modem student of heredity 
sets out to investigate. Formerly it was hoped that by the simple 
inspection of embryological processes the modes of heredity might be 
ascertained, the actual mechanism by which the offspring is formed 
from the body of the parent. In that endeavour a noble pile of 
evidence has been accumulated. All that can be made visible by 
existing methods has been seen, but we come little if at all nearer to 
the central mystery. We see nothing that we can analyse further — 
nothing that can be translated into terms loss inscrutable than the 
physiological events themselves. Not only does embryology give no 
direct aid, but the failure of cytology is, so far as I can judge, equally 
complete. The chromosomes of nearly related creatures may be 
utterly different both in number, size, and form. Only one piece of 
evidence encourages, the old hope that a connection might be traceable 
Ixjtween the visible characteristics of the body and those of the chromo- 
somes. I refer of course to the accessory chromosome, which in many 
animals distinguishes the spermatozoon about to form a female in 
fertilisation. Even it however cannot be claimed as the cause of 
sexual differentiation, for it may be paired in forms closely allied to 
those in which it is unpaired or accessory. The distinction may be 
present or wanting, like any other secondary sexual character. Indeed, 
so long as no one can show consistent distinctions between the 
cytological characters of somatic tissues in the same individual we 
can scarcely expect to perceive such distinctions between the chromo- 
somes of the various types. 

For these methods of attack we now substitute another, less 
ambitious, perhaps, because less comprehensive, but not less ^rect. 

If we cannot see how a fowl by its egg and its speim gives rise to 

• De rSipict tt des Races dam les Stres Organisda, 1860 . 

* On the Variation of Species^ 1856 . 
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a chicken or how a Sweet Pea from its ovule and its pollen grain 
produces another Sweet Pea, we at least can watch the system 
by which the differences between the various kinds of fowls or 
between the various kinds of Sweet Peas are distributed among the 
offspring. By thus breaking the main problem up into its parts 
we give ourselves fresh chances. This analytical study we call 
Mendelian because Mendel was the first to apply it. To be sure, he 
did not approach the problem by any such line of reasoning as I 
have sketched. His object was to determine the genetic definite- 
ness of species; but though in his writings he makes no mention of 
inheritance it is clear that he ht^ the extension in view.-* By cross- 
breeding he combined the characters of varieties in mongrel individuals 
and set himself to see how these characters would be distributed among 
the individuals of subsequent generations. Until he began this analysis 
nothing but the vaguest answers to such a question had been attempted. 
The existence of any orderly system of descent was never even sus- 
pected. In their manifold complexity human characteristics seemed 
to follow no obvious system, and the fact was taken as a fair sample 
of the working of heredity. 

Misconception was especially brought iir by describing descent in 
terms of ‘ blood. ’ The common spewh uses expressions such as 
consanguinity, pure-blooded, half-blood, and the like, which call up a 
misleading picture to the mind. Blood is in some respects a fluid, 
and thus it is supposed that this fluid can be both quantitatively and 
qualitatively diluted with other bloods, just as treacle can be diluted 
with water. Blood in primitive physiology being t,he peculiar vehicle 
of life, at once its essence and its corporeal abode, these ideas of 
dilution and compounding of characters in the c<»mningling of bloods 
inevitably suggest that the ingredients of the mixture once combined are 
inseparable, that they can be brought together in any relative amounts, 
and in short that in heredity we are concerned mainly with a quantita- 
tive problem. Truer notions of genetic physiology are given by the 
Hebrew expression ‘ seed.’ If we speak of a man as ‘ of the blood- 
royal ' we think at once of plebeian dilution, and we wonder how much 
of the royal fluid is likely to be ' in his veins ’ ; but if we say he is 
' of the seed of Abraham ' we feel something of the pertnanence and 
indestructibility of that germ which can be divided and scattered among 
all nations, but remains recognisable in type and characteristics after 
4,000 years. ' 

I knew a breeder who had a chest containing bottles of coloured 
liquids by which he used to illustrate the rsla^cHXShips of his dogs, 
pouring from one to another and titrating them quantitatively to illus- 
trate their p^igiees. Galton was beset by the same kind of mistake 
when he promulgated his ’ Law of Ancestral Heredity. ’ With modern 
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research all this has been cleared away. I'he allotment of character- 
istics among offspring is* not accomplished by the exudation of drops 
of a tincture representing the sum of the characteristics of the parent 
organism, but by a process of celUdivision, in which numbers of these 
characters, or rather the elements upon which they depend, are sorted 
out among the resulting germ-cells in an orderly fashion. What these 
elements, or factors as we call them, are we do not know. That they 
are in some way directly transmitted by the material of the ovum and 
of the spermatozoon is obvious, but it seems to me unlikely that they 
are in any simple or literal sense material particles. I suspect rather 
that their properties depend on some phenomenon of arrangement. 
However that may be, analytical breeding proves that it is according 
to the distribution of these genetic factors, to use a non-committal term, 
that the characters of the offspring are decided. The first business of 
experimental genetics is to determine their number and interactions, 
and then to make an analysis of the various types of life. 

Now the oixJinary genealogical trees, such as those which the stud- 
books provide in the case of the domestic animals, or the Heralds* 
College provides in the case of man, tell nothing of all this. Such 
methods of depicting descent cannot even show the one thing they are 
devised to show — purity of * blood.* For at last we know the physio- 
logical meaning of that expression. An organism is pure-bred when it 
has been formed by the union in fertilisation of two germ-cells which 
are alike in the factors they bear ; and since the factors for the several 
characteristics '^re independent of each other, this question of purity 
must be separate! v considered for each of them. A man, for example, 
may be pure-bred^ in respect of his musical ability and cross-bred in 
I’espect of the colour of his eyes or the shape of his mouth. Though 
we know* nothing of the essential nature of these factors, we know 
a good deal of their powers. They may confer height, colour, shape, 
instincts, powers both of mind and body-r-indeed, so many of the 
attributes which animals and plants possess, that we^feel justified in 
the expectation that with continued analysis they will be proved to be 
responsible for most if not all of the difference by which the varying 
individuals of any species are distinguished from each other. I will 
not assert that the greater differences which characterise distinct Species 
are due generally to such independent factors, but that is the conclusion 
to which the available evidence pointi^. All this is now so well under- 
stood, and has been so often demonstrated and expounded, that details 
of evidence are now superfluous. 

But for the^benefit of those who are unfamiliar with such work let me 
briefly epitomise its main features and consequences. Since genetic 
factors are definite things, either present in or absent from any germ- 
cell, the individual may be either * pure-bred * for any particular factor, 
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or its absence, if he is eonstituted by the unicm of two germ>odls both 
possessing or both destitute of titat factor. .If the individual is i^us 
pure, all his germ-cells will in that respect be identical, for they are 
simply hits of the similar germ-cells which united m fertilisation to 
produce the parent organism. We thus reach the essential principle, 
that an organism cannot pass on to (^spring a factor which it did not 
itself receive in fertilisation. Parents, therefore, which are both 
destitute of a given factor can only produce (^spring equally destitute 
of it; and, on the contrary, parents both pure-bred for the presence 
of a factor produce offspring equally pure-bred for its presence. 
Whereas the germ-cells of the pure-hred are all alike, those of the 
cross-bred, which results from the union of dissimilar germ-cells, are 
mixed in character. Each positive factor segregates from its negative 
opposite, so that some germ-cells carry the factor and some do not. 
Once ti)e factors have been identified by their effects, the average com- 
position of the several kinds of families formed from the various 
matings can be predicted. 

Only those who have themselves witnessed the fixed operations of 
these simple rules can feel their full significance. W^e come to look 
behind the simulacrum of the individual body, and we endeavour lo 
disintegrate its features into the genetic elements by wiiose union tlie 
body was formed. Set out in cold general phrases such discoveries 
may seem remote from ordinary life. . Become familiar with them and 
you will find your outlook on the world has changed. Watch the effects 
of segregation among the living things with which yoil have to do — 
plants, fowls, dogs, horses, that mixed concourse of humanity we call 
the English race, your friends’ children, your own children, yourself— 
and however firmly imagination be restrained to the bounds of the 
known and the proved, you will feel something of that range of insight 
into Nature which Mendelism has begun to give. The question is 
often asked whether there are not also in operation systems of descent 
quite other than those contemplated by the Mondelian rules. I myself 
have expected such discoveries, but hitherto none have been plainly 
demonstrated. It is true we are often puzzled by the failure of a 
parental type to reappear in its completeness after a cross — the merino 
sheep or the fantail pigeon, for example. These exceptions may still 
be plausibly ascribed to the interference of a multitude of factors, a 
suggestion not easy to disprove; though it seems to me equally likely 
that segregation has been in reality imperfect. ' Of the descent of quan- 
titative characters we still know practically nothing. Tliese and hosts 
of difficult cases remain almost untouched. In particular the discovery 
of E. Baur, and the evidence of Winkler in regard to his ‘ graft hybrids, ’ 
both showing that the sub-epidermal layer of a plant — the layer from 
which the germ-cells are derived — naay bear exclusively the characters 
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of a part only of the soma, give hints of curious complications, and 
suggest that in plants at least the interrelations between soma and 
gamete may be far less simple than we have supposed. Nevertheless, 
speaking generally, we see nothing to indicate that qualitative characters 
descend, whether in plants gr animals, according to systems which 
are incapable of factorial representation. 

The body of evidence accumulated by this method of analysis is 
now very large, and is still growing fast by the labours of many workers. 
Progress is also beginning along many novel and curious lines. The 
details are too technical for inclusion here. Suffice it to say that not 
only have we proof that segregation affects a vast range of characteris- 
tics, but in the course of our analysis phenomena of most unexpected 
kinds have been encountered. Some of these things twenty years ago 
must have seemed inconceivable. For example, the two sets of sex 
organs, male and female, of the same plant may not be carrying, the 
same characteristics ; in some animals characteristics, quite independent 
of sex, may be distributed solely or predominantly to one sex; in 
certain species the male may be breeding true to its own type, while 
the female is permanently mongrel, throwing off eggs of a distinct 
variety in addition to those of its own type; characteristics, essentially 
independent, may be associated in special combinations which are 
lai'gely retained in the next generation, so that among the grand- 
children there is numerical preponderance of those combinations which 
existed in the grandparents — a discovery which introduces us to a new 
phenomenon of polarity in the oi’ganism. 

We are accustomed to the fact that the fertilised egg has a polarity, 
a front and hind ehd for example ; but we have now to recognise that it, 
or the primitive germinal cells fonned from it, may have anotlier 
polarity shown in the groupings of the parental elements. I am entirely 
sceptical as to the occurrence of segregation solely in the maturation of 
the germ-cells/ preferring at present to regard it as a special case of 
that patcliwork condition we see in so many plants. These mosaics 
may break up, emitting bud-sports at various cell-divisions, and 1 
suspect that the great regularity seen in the F, ratios of the cereals, for 
example, is a consequence of very late segregation, whereas the exces- 
sive irregularity found in other cases may be taken to indicate that 
segregation can happen at earlier stages of differentiation. 

The paradoxical descent of colour-blindness and other sex-limited 
conditions — formerly regarded as an inscrutable caprice of nature — ^has 
been repi’esented with approximate correctness, and we alieady know 
something as to the w^ay, or, perhaps, I should say ways, in which the 

* The fact that in certain plants the male and female organs respectively 
carr^ distinct factors may be quoted as almost decisively negativing the sug- 
gestion that segregation is confined to the reduction division. 
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detenninution of sex is aocoinplished in ^nie of the fi >11118 of life — 

{ Jiough, I hasten to add, we have no inkling as to any method by which 
that determination may be influenced or directed. It is oiivious that 
such discoveries have bearings on most of the problems, whether 
" theoretical or practical, in which aniini| 4 s and plants are concerned. 
Permanence or change of type, per|eotioia of type, purity or mixture 
of race, ‘ racial development/ the succession of forms, from bjamgvague 
phrases expressing matters of degree, are now seen to be capable of 
acquiring physiological meanings, already to smne extent assigned with 
precision. For the naturalist— and it is to him that I am especially 
addressing myself to-day — ^theae things are chiefly significant as relating 
to the history of organic beings — ^the theory of Evolution, to use our 
modern name. They have, as I shall endeavour to sho^ ih my second 
address to be given in Sydney, an immodiate reference to the conduot 
of human society. 

I suppose that everyone is familiar in outline with the theory of 
the Origin ot Species which Danvin promulgated. Through the last 
fifty years this theme of the Natural Selection of favoured races has been 
developed and expounded in writings innumerable. Favoured races 
certainly can replace others. The argument is sound, but we ore doubt- 
ful of its value. For us that debate stands adjotirhed. We go to 
Darwin for his incomparable collection of facts. We would fain 
emulate his scholarship, his width and his power of exposition, but 
to us lie speaks no more with philosopliical authority. We read his 
scheme ot Evolution as we would that of Lucretius or ot Lamarck, 
delighting in their simplicity and their courage. Tlie practical and 
experimental study of Variation and Heredity has not merely opened 
a new field; it has given a new point of view and new standards of 
criticism. Naturalists may still he found expounding teleological 
systems® which would have delighted Dr. Pangloss himself, but at 
the present time few are misled. The student of genetics knows that 

* 1 take the following from the Abstract of a recent Oroonian Lecture 
‘On the Origin of Mammals’ delivered to the Royal Society In 
Upper Triassic times the larger Cynodonts preyed upon the large 
Anomodont, Kannemeyeria, and carried on their existence so long as these 
Anomodonts survived, but died out with them about the end of the Trias or 
in Rhsstic times. The small Cynodonts, having neither small Anomodonts nor 
small Cotylosanrs to feed on, were forced to hunt the very active loAg-limbed 
Thecodonts. The greatly increased activity brought about that series of 
chanm which formed the mammals — the flexible skin with hair, the four- 
chambered heart and warm blood, the loose jaw with teeth for mastication, 
an increased development of tactile sensation and a great increase of cerebrum. 
Not improbably the attacks of the newly evolved Cynodont or miammallan type 
brought about a corresponding evolution in the Pseudosuchian Thecodonts; which 
ultimately resulted in the formation of Dinosaurs and Birds.’ Broom, R., 
Proc, Soe, B., 87, p. 88. ^ 
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the time for the development of tlieoty is not yet. He would rather 
stick to the seed^pan and the incubator. 

In face of what we now know of the distribution of variability in 
nature the scope claimed for Natural SdectiOni in determining the fixity 
of Species must be greatly ^uced. The doctrine of the survival bi the 
fittest is undeniable so Ibiig as it is applied to the organism as a whede, 
but to attempt by this principle to find value in all definiteness of parts 
and futK)tiohS|. and in tfie; n Sci^ce to see fitness everywhere 

is mere eighteenth-century optimism. Yet it was in application to the 
parts, to the details of specif difference, to the spots on the peacock’s 
tail, to the colouring of an Orchid flower, and hosts of such examples, 
that the potency of Natural Selection was urged with the strongest 
emphasis. Shorn of these pretensions the doctrine of the survival of 
favoured races is a truism, helping scarcely at all to account for the 
diversity of species. Tolerance plays almost as considerable a part. 
By these admissions almost the last shred of that teleological fustian 
with which Victorian philosophy 4oved to clothe the theory of Evolu- 
tion is destroyed. Those who would proclaim that whatever is is right 
will be wise henceforth to base this faith frankly on the impregnable 
rock of superstition, and to abstain from direct appeals to natural fact. 

My predecessor said last year that in physics the age is one of rapid 
progress and profound scepticism. In at least as high a degree this is 
true of Biology, and as a chief characteristic of modem evolutionary 
thought we must confess also to a deep but irksome humility in 
presence of ^at vital problems. Every theory of Evolution must be 
such as to accord wuth the facts of physics and chemistry, a primary 
necessity to. which our predecessors paid small heed. For them the 
unknown was a rich mine of possibilities on which they could freely 
draw. For us it is rather an impenetrable mountain out of which the 
truth can be chipped in rare and isolated fragments. Of the physics and 
chemistry of life we know next to noching. Somehow the characters 
of living things are bound up in properties of colloids, and are largely 
determined by the chemical powers of enzymes, but the study of these 
classes of matter has only’ just begun. Living things are found by a 
simple experiment to have powers undreamt of, and who knows what 
may be behind 7 

Naturally we turn aside from generalities. It is no time to discuss 
the origin of the Mollusca or of Dicotyledons, while we are not even 
sure how it came to pass that Primula obconica has in twenty-five years 
produced its abundant new forms almost under our eyes. Knowledge 
of heredity has so reacted on our conceptions of variation that very 
competent men are even denying that variation in the old sense is a 
genuine occurrence at all. Variation is postulated as the ba^of all 
evolutionary change. Do we then as a matter of fact find in tW world 
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about us variations occurring of such a kind ns to warrsint faith in n 
contemporary progressive Evolution? Till lately most <>f us would 
have said ‘ yes ’ without misgiving. Wo should havt' pointed, as 
Eamin did, to the immense range of diversity seen in many wild 
species, so commonly that the difficulty is to define tlie types them- 
8(^ves. Still more conclusive seemed the profusion of foiuns in the 
various domesticated animals and plants, most of them incapable of 
enisting even for a generation in the wild state, and therefore fixed 
unquestionably by human selection. These, at least, for certain, are 
new forms, often distinct enough to pass for species, which has arisen 
by variation. But w'hen analysis is applied to this mass of variation 
the matter wears a different aspect. Closely examined, what is the 
‘variability’ of wild species? What is the natural fact which is 
denoted by the statement that a given species exhibits much variation ? 
Generally one of two things : either that the individuals collected in one 
locality differ among themselves ; or perhaps more often that samples 
from separate localities differ from each other. As direct evidence of 
variation it is clearly to the first of these phenomena that we must 
have recourse — the heterogeneity of a population breeding together in 
one area. This heterogeneity may be in any degree, ranging from 
slight differences that systematists would disregard, to a complex 
variability such as we find in some moths, where there is an abund- 
ance of varieties so distinct Chat many would be classified as specific 
forms but for the fact that all are freely breeding togetlier. Naturalists 
formerly supposed that any of these varieties might be bred from any 
of the others. Just as the reader of novels is prepared to find that 
any kind of parents may have any kind of children in ,lhc course of the 
stoi 7 , so was the evolutionist ready to believe that any pair of moths 
might produce any of the varieties included in the sjwcics. Genetic 
analysis has disposed of all these mistakes. Wo have no longer the 
smallest doubt that m all these examples the varieties stand in a regular 
descending order, and that they are simply teims in a series of com- 
binations of factors sepaiutely transmitted, of which each may be 
present or absent. 

The appearance of contemporary variability proves to be an illusion. 
Variation from step to step in the- series must occur either by the 
addition or by the loss of a factor. Now, of the origin of new forms 
by loss there seems to me to be fairly clear evidence, but of the con- 
temporary acquisition of any new factor I see no satisfactory proof, 
though I admit there are rare examples which may be so interpreted. 
We are left with a picture of variation utterly differenii from that 
which we saw at first. Variation now stands out as a definite physio- 
logical |j|^ent. We have done w'ith the notion that Darwin came latterly 
to favour, that large differences can arise by accumulation of small 
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(llfterences. Such small differences are often mere ephemeral effects 
of conditions of life, and as such are not transmissible; but even small 
differences, when truly genetic, are factorial like the larger ones, and 
there is not the slightest reason for supposing that they are capable 
of summation. As to the origin or source of these positive separable 
factors, we are without any indication or surmise. By their effects 
we know them to be definite, as definite, say, as the organisms which 
produce diseases; but how they arise and how &ey come to take part 
in the oompoeition of the living creature so that when present they are 
treated in cell-division as constituents of the germs, we cannot con- 
jecture. 

It was a commonplace of evolutionary theory that at Jeast the 
domestic animals have been developed from a few wild types. Their 
origin was supposed to present no difficulty. The various races of 
fowl, for instance, all came from Gallus bankiva, the Indian jungle- 
fowl. So we are taught; but try to reconstruct the stepa«^in their 
evolution and you realise your hopeless ignorance. To be sure there 
ore breeds, such as Black-red Game and Brown Leghorns, which have 
the colours of the jungle-fowl, though they differ in shape and other 
respects. As we know so little as yet of the genetics of shape, let us 
assume that those transitions could be got over. Suppose, further, as 
is probable, tliat the absence of the maternal instinct in the Leghorn 
is due to loss of one factor which the jungle-fowl possesses. So far 
we are on fairly safe ground. But how about White Leghorns ? Their 
origin may seem easy to imagine, since white varieties have often 
arisen in well-autjienticated cases. But the white of White Leghorns 
is not, as white in pature often is, due to the loss of the colour-elements, 
but to the action of something which inhibits their expression. Whence 
did that something come? The same question may be asked respecting 
the heavy breeds, such as Malays or Indian Game. Each of these is a 
separate introduction from the East. To suppose that these, with their 
peculiar combs and close feathering, could have been developed from 
pre-existing European breeds is very difficult. On the other hand, 
there is no wild species now living any more like them. We may, of 
course, postulate that there was once such a species, now lost. That 
is quite conceivable, though the suggestion is purely speculative. I 
might thus go through the list of domesticated animals and plants of 
ancient origin and again and again we should be driven to this 
suggestion, that many of their distinctive characters must have been 
derived from some wild original now lost. Indeed, to this unsatisfying 
conclusion alrpost every careful writer on such subjects is now reduced. 
If we turn to modern evidence the case looks even worse. The new 
breeds of domestic animals made in recent times are the ca||fully 
selected products of recombination of pre-existing breeds. Most of the 
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new varieties of cultivated plants are the outcome of deliberate crossing. 
Theire is generally no doubt in the matter. We have pretty full 
histories of these crosses in Oladiolus, Orchids, Oineraria, Begonia, 
Calceolaria, Pelargonium, Ac. A very few certainly arise from a single 
origin. The Sweet Pea is the clearest case, and there are others which 
I should name with hesitation. The Cyclamen is one of them, but 
ire know that edoris to cross Cyclamens were made early in the cul- 
tural history of the plant, and they may very well have been success- 
ful. Several plants for which single origins are alleged, such as the 
Chinese Primrose, the Dahlia, and Tobacco, came to us in an already 
domesticated state, and their origins remain altogether mysterious. 
Formerly single origins were generally presumed, but at the present 
time numbers of the chief products of domestication, dogs, horses, 
cattle, sheep, poultry, wheat, oats, rice, plums, cherries, have in turn 
been accepted as ‘ polyphyletic/ or, in other words, derived from several 
distinetdorms. The reason that has led to these judgments is that the 
distinctions between ^the chief varieties can be traced as far back as the 
evidence reaches, and that these distinctions are so great, so far tran- 
scending anything that we actually know variation capable of effecting, 
that it seems pleasanter to postpone the difficulty, relegating the critical 
differentiation to some misty antiquity into which we shall not be asked ' 
to penetrate. For it need scarcely be said that this is mere procrastina- 
tion. If the origin of a form under domestication is hard to imagine, it 
becomes no easier to conceive of such enormous deviations from type 
coming to pass in the wild state. Examine any two thoroughly distinct 
species which meet each other in their distribution^ as, for instance, 
Lychnis diurna and vespertina do. In areas of overhp are many inter- 
mediate forms. These used to be taken to be transitional steps, and 
the specific distinctness of vespertina and diuma was on that account 
questioned. Once it is known that these supposed intergrades are 
merely mongrels between the two species the transition from one to the 
. other is practically beyond our powers of imagination to conceive. If 
both these can survive, why has their common parent perished? Why 
when they cross do they not reconstruct it instead of producing partially 
sterile hybrids? I take this example to show how entirely the facts 
were formerly misinterpreted. 

When once the idea of a true-breeding — or, as we say, homozygous 
— type is grasped, the problem of variation b^mes an insistent oppres- 
sion. What can mike such a type vary? We 'know, of course, one 
way by which novelty can be introduced — by crossing. Cross two 
well-marked varieties— for instance, of Chinese Primula^aoh breeding 
true, and in the second generation by mere recombination of the various 
factora which the two parental types severally mtl%>duced, there will 
be a profusion of forms, utterly unlike each other, distinct also from 
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the original parents. Many of these can be bred true, and if found 
wild would certainly be described as good species. Confronted by the 
difficulty I have put before you, and contemplating such amazing poly- 
morphism in the second generation from a cross in Antirrhinum, Lotsy 
has lately with great courage suggested to us that all variation may be 
due to such crossing. I do not disguise my sympathy with this effort. 
After the blind complacency of conventional evolutionists it is refresh- 
ing to meet so frank an acknowledgment of the hardness of the problem. 
Lotsy 's utterance will at least do something to expose the artificiality of 
systematic zoology and botany. Whatever might or might not be 
revealed by exj)erimental breeding, it is certain that without such tests 
we are merely guessing when we profess to distinguish specific limits 
and to declare that this is a species and that a variety. The only defin- 
able unit in classification is the homozygous form which breeds true. 
When we presume to say that such and such differences are trivial and 
such others valid, we are commonly eq^barking on a course for which 
there is no physiological warrant. Who could have foreseen that the 
Apple and the Pear — so like each other that their botanical differences 
are evasive — could not be crossed together, though species of Antir- 
rhinum so totally unlike each other as majus and vioUe can be 
hybridized, as Baur has shown, without a sign of impaired fertility? 
Jordan was perfectly right. The true-breeding forms which he dis- 
tinguished in such multitudes are real entities, though the great 
systematists, dispensing with such laborious analysis, have pooled them 
into arbitrary Ltnnean species, for the convenience of collectors and for 
the simplification of catalogues. Such pragmatical considerations may 
mean much in the»museum, but with them the student of the physio- 
logy of variation has nothing to do. These ‘ little species, * finely cut, 
true-breeding, and innumerable mongrels between them, are what he 
finds when he examines any so-called variable type. On analysis the 
semblance of variability disappears, and the illusion is shown to be due 
to segregation and recombination of series of factors on pre-determined 
lines. As soon as the ‘ little species ’ are separated out they are found 
to be fixed. In face of such a result we may well ask with Lotsy, 
is there such a thing as spontaneous variation anywhere? His answer 
is that there is not. 

Abandoning the attempt to show that positive factors can be added 
to the original stock, w^e have further to confess that we cannot 
often actually prove variation by loss of factor to be a real pheno- 
menon. Lotsy doubts whether even this phenomenon occurs. The 
sole source of variation, in his view, is crossing. But here I 
think he is on unsafe ground. When a well-established variety like 
‘ Crimson King * Primula, bred by Messrs. Sutton in thousands of 
individuals, gives off,, as it did a few years since, a salmon-coloured 
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Varidty, * Cbrul King/ we might claim this oa a geuuiiit' example ot 
YAnation by loss. The new variety is a simple recessive. It differs 
from * Crimson King ’ only in one respect, the loss of a single colour- 
factor, and, of course, br^ true from its origin. To account for the 
appearance ot such a new form by any process of crossing is exceedingly 
difficult. From the nature of the case there can have been no cross 
since * Crimson King ' was established, and hence the salmon must 
have been concealed as a recessive from the first origin of that variety, 
even when it was represented by very few individuals, probably only by 
a single one. Surely, if any of these had been heterozygous for salmon 
this recessive could hardly have failed to appear during the process ot 
self-fertilisation by which the stock would be multiplied, even thougli 
that selfing may not have been strictly carried out. Examples like tins 
seem to me practically conclusive.* They can be challenged, but ikj', 
I think, successfully. Then again in regard to those variations in 
number and division of parts which we call meristic, the reference of 
these to original cross-breeding is surely barred by the circumstances in 
which they often occur. There remain also the rare examples men- 
tioned already in which a single wild origin may with much confidence 
be assumed. In spite of repeated trials, no one has yet succeeded in 
crossing the Sweet Pea with any other leguminous species. We know 
that early in its cultivated history it produced at least two marked 
varieties which I can only conceive of as spontaneously arising, though, 
no doubt, the profusion of forms we now have was made by the crossing 
of those original varieties. I mention the Sweet Pea thus prominently 
for another reason, that it introduces us to another though subsidiary 
form of vai'iation, which may be described as a fraciiofiation of factors. 
Some of my Mendelian colleagues have spoken of genetic factors as 
permanent and indestructible. Relative permanence in a sense the) 
have, for they commonly come out unchanged after segregation. But 
I am satisfied that they may occasionally undergo a quantitative dis- 
integration, with the consequence that varieties are produced inter- 
mediate between the integral varieties from which they were derived. 
These disintegrated conditions I have spoken of as subtraction — or 
reduction — stages. For example, the Picotee Sweet Pea, with its 

purple edges, can surely be nothing but a condition produced by the 
factor which ordinarily makes the fully purple flower, quantitatively 
diminished. The pied animal, such as the Dutch rabbit, must similarly 
be regarded as the result of paitial defect of the chromogen from which 
the pigment is formed, or conceivably of the factor which effects its 
oxidation. On such lines I think we may with ^eat confidence 

* The numerous and most interesting * mutations ' recorded by Professor 
T. H. Morgan and his colleagues in the fly, Drosophila, may also be cited as 
unexceptionable cases. 
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interpret all those intergrading forms which breed true and are not 
produced by factorial interference. 

It is to be inferred that these fractional degradations are the con- 
sequence of irregularities in segregation. We constantly see irregulari- 
ties in the ordinary meristic processes, and in the distribution of somatic 
differentiation. We are familiar with half segments, witlr imperfect 
twinning, with leaves partially petaloid, with petals partially sepaloid. 
All these are evidences of departures from the normal regularity in the 
rhythms of repetition, or in those waves of differentiation by which the 
qualities are sorted out among the parts of the body. Similarly, when 
in segregation the qualities are sorted out among the germ-cells in 
certain critical cell-divisions, we cannot expect these differentiating 
divisions to be exempt from the imperfections and irregularities which 
are found in all the grosser divisions that we can observe. If I am 
right, w*e shall find evidence of these irregularities in the association 
of unconformable numbers with the appearance of the novelties which 
I have called fractional. In passing let us note how the history of the 
Sweet Pea belies those ideas of a continuous evolution with which we 
had formerly to contend. The big varieties came first. The little ones 
have arisen later, as I suggest by fractionation. Presented with a 
collection of modern Sweet Peas how prettily would the devotees of 
Continuity have arranged them in a graduated series, showing how 
every intergrade could be found, passing from the full colour of the 
wild Sicilian species in one direction to white, in the other to the 
deep purple of ‘ Black Prince,' though happily we know these two to be 
among the earliest to have appeared. 

Having in view® these and other considerations which might be 
developed, I feel no reasonable doubt that though we may have to 
forgo a claim to variations by addition of factors, yet variation both by 
loss of factors and by fractionation of factors is a genuine phenomenon 
of contemporary nature. If then we have to dispense, as seems likely, 
with any addition from without we must begin seriously to consider 
whether the course of Evolution can at all reasonably be represented as 
an unpacking of an original complex which contained within itself the 
whole range of diversity which living things present. I do not suggest 
that we should come to a judgment as to what is or is not probable in 
these respects. As I have said already, this is no time for devising 
theories of Evolution, and I propound none. But as we have got to 
recognise that there has been an Evolution, that somehow or other the 
forms of life have arisen from fewer forms, we may as well see whether 
wo are limited to the old view that evolutionary progress is from the 
simple to the complex, and whether after all it is conceivable that the 
process was the other way about. When the facts of genetic discovery 
become familiarly known to biologists, and cease to be the prebccupa- 
1914. ’ 0 
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tio 0 of a few» as they still a^i m«ny and discussions must 
iueVitably arise on the question, and I (Aer these remarks to pre- 
pare the ground. I ask you simply to open your minds to this 
possibility. It involves a certain effort. We have to reverse our 
habitual modes of thought. At B^t it may seem rank absurdity to 
suppose tfait the primordial {mm or toMs of protoplasm could have 
contained complexity enough to produce the divers types pi life. But 
is it easier to imagine that these powers could have been conveyed by 
extrinsic additions? Of what nature could these additions be? Additions 
of material cannot surely be in question. We are told that salts of 
iron in the soil may turn a pink hydrangea blue. Ihe iron cannot 1 e 
passed on to the next generation. How can the iron multiply itself? 
The power to assimilate the iron is all that can be transmitted, v 
disease-pmducing organism like the pebrine of silkworms can in a vei f 
few cases be passed on through the germ-cells. Such an organism can 
multiply and can produce its characteristic effects in the next genera- 
tion. But it ^oes not become part of the invaded host, and we cannot 
conceive it takiag part in the geometrically ordered processes of segre- 
gation. These illustrations may seem too gross ; but what refinement 
will meet the requirements of the problem, that the thing introduced 
must be, as the living organism itself is, capable of multiplication and 
of subordinating itself in a definite system of segregation ? That which 
is conferred in variation must rather itself be a change, not of material, 
but of arrangement, or of motion. The invocation of additions extrinsic 
to the organism does not seriously help us to imagine how the power to 
change can be conferred, and if it prove that hope in that direction 
must be abandoned, I think we lose very little. By ihe re-arrangerncnl 
of a very moderate number of things we soon reach a number of possi- 
bilities practically infinite. 

That primordial life may have been of small dimensions need not 
disturb us. Quantity is of no account in these considerations. 
Shakespeare once existed as a speck of })rotoj)lasrri not so big as a 
small pin’s head. To this nothing was added that would not equally 
well have served to build up a baboon or a rat. Lei us consider how far 
we can get by the process of removal of what we call 'epistatic ' factors, 
in other words those that control, mask, or suppress underlying powers 
and faculties. I have spoken of the vast range of colours exhibited by 
modern Sweet Peas. There is no question that these have been derived 
from the one wild bi -colour form by a process of successife removals. 
When the vast range of form, size, and flavour to be found among the 
cultivated apples is considered it seems difficult to. suppose that all this 
variety is hidden in tlie wild crab-apple. I cannot positively assert that 
this is so, but I think all familiar with Mendelian axialysis would agree 
with me that it is probable, and that wild crab contains presumably 
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inhibiting elements \vhich the cultivated kinds ^ve lost. The legend 
that the seedlings of cultivated app^ bec<»aae crabs is often repeated. 
After many inquiries among tto rusera of apple seedlings 1 have never 
found an authentic case— only even an alleged case, and this 
on inquiry proved to be unfounded. I have o<»fidence that the artistic 
gifts of mankind will prove to be due not to something added to the 
make-up of an ordinary man, but to the absence of factors winch in the 
normal person, inhibit the dev^cq>ment of these gifts. Th^ are almost 
beyond doubt to be looked upon as reU^eg of powers normally sup- 
pressed. The instrument is there, but it is 'stopped down.’ The 
scents of flowers or fruits, the finely repeated divisions that give its 
quality to the wool of the Merino, or in an analogous case the multi- 
plicity of quills to the tail of the fantail pigeon, are in all probability 
other examples of such releases. - You may ask what guides us in the 
discrimination of the positive factors and how we can satisfy ourselves 
that the appearance of a quality is due to loss. It must be conceded 
that in these determinations we have as yet recourse only' to the effects 
of dominance. When the tall pea is crossed with the dwarf, since the 
offspring is tall we say thaJ the tall parent passed a factor into the 
cross-bred which makes it tall. The pure tall parent had two doses of 
this factor; the dwarf had none; and since the cross-bred is tall we say 
that one dose of the dominant tallness is enough to give the full height. 
The reasoning seems unanswerable. But the commoner result of cross- 
ing is the production of a form intermediate between the two pure 
parental types. In such examples we see clearly enough that the full 
parental characteristics can only appear when they are homozygous — ■ 
formed from similar germ-cells, and tliat one dose is insufficient to 
produce either effect fully. When this is so wo can never be sure 
which side is positive and which negative. Since, then, when dnminftn/.j» 
is incomplete we find ourselves in this difficulty, we perceive that the 
amount of the effect is our <«ily criterion in distinguishing the positive 
from the negative, and when we return even to the ftTom p le of the 
tall and dwarf peas the matter is not so certain as it seemed. Professor 
Cockerell lately found among thousands of yellow sunflowers one 
which WM partly red. By breeding he raised from this a form wholly 
red. Evidently the yellow and the wholly red are the pure forms, and 
the partially red is vhe heterozygote. We may then say that the yellow 
is y Y with two doses of a positive factor which inhibits the development 
of pigment; the red is yy, with no dose of the inhibitor; and the 
partially red are Yy, with only one dose of it. But we might be tempted 
to tliink the red, was a positive characteristic, and invert the expresskms, 
representing the ted as RR, the pertly red as Rr. and the yellow as 
rr. According as we ad<^t the one or the other system of expression 
we shall interpret the evolutionary change as one of loss or as one of 
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addition. May we not interpret the other apparent new dominants in 
ttie same way? The white dominant in the fowl or in the Chinese 
Primula can inhibit colour. But may it not be that the original coloured 
fowl or Primula had two doses of a factor which inhibited this inhibitor? 
The Pepper Moth, Amphidasys betularia, produced in England about 
1840 a black variety, then a novelty, now common in certain areas, 
which behaves as a full dominant. The pure blacks are no blacker 
than the cross-bred. Though at first sight it seems that the black 
must have been something added, we can without absurdity suggest 
that the normal is the term in which two doses of inhibitor are present, 
and that in the absence of one of them the black appears. 

In spite of seeming perversity, therefore, we have to admit that 
there is no evolutionary change which in the present state of our know- 
ledge we can positively declare to be not due to loss. When this has 
been conceded it is natural to ask whether the removal of inhibitintr 
factors may not be invoked in alleviation of the necessity which ha.-^ 
driven students of the domestic breeds to refer their diversities to 
multiple origins. Something, no doubt, is to be hoped for in that 
direction, but not until much better and more extensive knowledge of 
what variation by loss may effect in the living body can we have any real 
assurance that this difficulty has been obviated. We should be greatly 
helped by some indication as to whether the origin of life has been single 
or multiple. Modern opinion is, perhaps, inclining to the multiple 
theory, but we have no real evidence. Indeed, the problem still stands 
outside tlie range of scientific investigation, and when w^e hear the 
spontaneous formation of formaldehyde mentioned as a possible first 
step in the origin of life, we think of Harry Lauder, in the character of 
a Glasgow schoolboy pulling out his treasures from his pocket — ‘ That’s 
a wassher — for makkin* motor cars ' 1 

As the evidence stands at present all that can be safely added in 
amplification of the evolutionary creed may be summed up in the 
statement that variation occurs as a definite event often producing a 
sensibly discontinuous result; that the succession of varieties comes 
to pass by the elevation and establislunent of sporadic groups of 
individuals owing their origin to such isolated events; and that 
the change which we see as a nascent variation is often, perhaj)s 
always, one of loss-. Modern research lends not the smallest encourage- 
ment or sanction to the view that gradual evolution occurs by the trans- 
formation of masses of individuals, though that fkney has fixed itself on 
popular imagination. The isolated events to which variation is due are 
evidently changes in the germinal tissues, probably in. the manner in 
which they divide. It is likely that the occurrence of these variations 
is wholly irregular, and as to their causation we are absolutely without 
surmise or even plausible speculation. Distinct types once arisen, no 
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doubt a profusion of the forms called species have been derived from 
them by simple crossing and subsequent recombination. New species 
may be now in course of creation by this means, but the limits of the 
process are obviously narrow. On the other hand, we see no changes in 
progress around us in the contemporary world which we can imagine 
likely to culminate in the evolution of forms distinct in the larger sense. 
By intercrossing dogs, jackals, and wolves new forms of these types 
can be made, some of which may be species, but I see no reason to 
think that from such material a fox could be bred in indefinite time, or 
that dogs could be bred from foxes. 

Whether Science will hereafter discover that certain group® can by 
peculiarities in their genetic physiology be declared to have a preroga- 
tive quality justifying their recognition as species in the old sense, and 
that the differences of others are of such a subordinate degree that they 
may in contrast be termed varieties, further genetic research alone can 
show. I myself anticipate that such a discovery will be made, but I 
cannot defend the opinion with positive conviction. 

Somewhat reluctantly, and rather from a sense of duty, I have 
devoted most of this Address to the evolutionary aspects of genetic 
research. We cannot keep these things out of our heads, though some- 
times we wish we could. The outcome, as you will have seen, is 
negative, destroying much that till lately passed for gospel. Destruc- 
tion may be useful, but it is a low kind of work. We are just about 
where Boyle was in the seventeenth century. We can dispose of 
Alchemy, but wo cannot make more than a quasi-chemistry. We are 
awaiting our Priestley and our Mendel6eff. In truth it is not these 
wider aspects of genetics that are at present our chief concern. They 
will come in their time. The great advances of science are made like 
those of evolution, not by imperceptible mass-improvement, but by the 
sporadic birth of penetrative genius. The journeymen follow after him, 
widening and clearing up, as we are doing along the track that Mendel 
found. 


Part II.— SYDNEY.' 

At Melbourne I spoke of the new knowledge of the properties of 
living things which Mendelian analysis has brought us. I indicated 
how these discoveries are affecting our outlook on that old problem 
of natural history, the origin and nature of Species, and the chief 
conclusion I drew was the negative one, that, though we must hold 
to our faith in the Evolution of Species, there is little evidence as to 
how it has come about, and no clear proof that the process is con- 
tinuing in any considerable degree at the present time. The thought 

' Delivered in Sydney on Thursday, August 20, 19l4. 
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tipp^enchoBir in our minds is knowljS^^I the nature of li|s is 
altogether too slender to warrant spebtdi^n on these fundamental 
suhjeots. Did we presume to offer such speculations they would 
have no more value than those which alchemists might have made as 
to the nature of the elements. But though in regard to these 
theoretical aspects we must confess to such deep ignorance, enough has 
been learnt of the general couise of heredity within a single species to 
justify many practical conclusions which cannot in the main be shaken. 
I propose now to develop some of these conclusions in regard to our 
own species, Man. 

In nJy fortiier Address 1 mentioned the condition of certain animals 
and plants which are what we call * polymorphic. * Their populations 
consist oi intlividuals of many types, though they breed freely together 
with perfect fertility. In cases of this kind which have been suffi- 
ciently investigated it has been found that these distinctions— soane- 
times very great and affecting most diverse features of organisation — 
are due to the presence or absence of elements, or factors as we call 
them, which are ti-eated in heredity as separate entities. These 
factora and their combinations produce the characteristics which we 
perceive. No individual can acquire a particular characteristic unless 
the requisite factors entered into the composition of that individual 
at fei-tilisation, being received either from the father or from the 
mother or from both, and consequently no individual can pass on to 
his offspring positive characters which he does not himself possess. 
Buies of this kind have already been traced in operation in the human 
species; and though I admit that an assumption of some magnitude 
is involved when we extend the application of tjie same system to 
human characteristics in general, yet the assumption is one which 
I believe we are fully justified in making. With little hesitation we 
can now declare that the potentialities and aptitudes, physical as well 
as mental, sex, colours, powers of work or invention, liability to 
diseases, possible duration of life, and the other’ features by which the 
members of a mixed population differ from each other, are determined 
from the moment of fertilisation ; and by all that we know of heredity 
in the forms of life with which we can experiment we are compelled 
to believe that these qualities are in the main distributed on a factorial 
system. By changes in the outward conditions of life the expression 
of some of these powers and features may be excited or restrained. 
For the development of some an external opportunity is needed^ and 
if that be withheld the character is, never seen, any more than if the 
body be starved can the full height be attained ; but ^uch influences 
are superficial and do not alter the genetic constitution. 

The factors which the individual receives from hia parents and no 
others are those which be can transmit to hie offspring; and if a factor 
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was recmrsd Awn ooe parent n<^ m(»f than half the oiaprinl;, 
(A an average, will inherit it. What ia it that has so long prevented 
mankind from disc^ering such simple facts? . Primarily the circum* 
stance that as man must have two parents it is not possible quits 
easily to detect the contributkms of eadi. The individual body is a 
double sbucture, whereas the germ-cells ate single. Two germ-cells 
unite to produce each individual body, and the ingredients they respec- 
tively contribute interact in ways that leave the ultimate product a 
medley in which it is difficult to i^ntify the several ingredients. When, 
however, their effects are conspicuous the task is by no means impos- 
sible. In part also even physiologists have been blinded by the survival 
of ancient and obscurantist conceptions of the nature of man by which 
they were discouraged from the application of any rigorous analysis. 
Medical literature still abounds with traces of these archaisms, and, 
indeed, it is only quite recently that prominent horse-breeders have 
come to see that the dam matters as much as the sire. For them, 
though vast pecuniary considerations were involved, the old ‘ homun- 
culus ’ theory was good enough. We were amazed at the notions 
of genetic physiology which Professor Baldwin Spencer encountered 
in his wonderful researches among the- natives of Central Australia ; 
but in truth, if we reflect that these problems have engaged the atten- 
tion of civilised man for ages, the fact that he, with all his powers 
of recording and deduction, failed to discover any part of the Mendelian 
system is almost as amazing. The popular notion that any parents 
can have any kind of children within the racial limits is contrary to 
all experience, yet we have gravely entertained such ideas. As I have 
said elsewhere, the truth might have been found out at any period 
in the world’s history if <»ily pedigrees had been drawn the right 
way up. If, instead of exhibiting the successive pairs of progenitors 
who have contributed to the making of an ultimate individual, some 
one had had the idea of setting out the posterity of a single ancestor 
who possessed a marked feature such as the Habsburg lip, and showing 
Jthe transmission of this feature along some of the descending branches 
and the permanent loss of the feature in collaterals, the essential 
truth tliat hei'edity can be expressed in terms of presence and absence 
must have at once become apparent. Few the descendant is not, as he 
appears in the conventional pedigree, a sort of po<d into which each 
tributary ancestral stream has poured something, but rather a con- 
glomerate of ingredient-characters taken ffCm his progenitors in such 
a way that some ingredients are represented and others are omitted. 

Let me not, however, give the impression that the unravelling of 
such descents is easy. Even with fairly full details, which in the case 
of man are very rarely to be had, many complications occur, often 
preventing us from obtaining more than a rough genieral indication of 
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the system descent. The nature of these complications wo partly 
understand from our experience of animals and plants which are 
anienable to breeding under careful restrictions, and we know that 
they are mostly referable to various effects of interaction between 
factors by which the presence of some is masked. 

Necessarily the clearest evidence of regularity in the inheritance 
of human characteristics has been obtained in regard to the descent 
of marked abnormalities of sti*ucture and congenital diseases. Of the 
descent of ordinary distinctions such as are met with in the normal 
healthy population we know little for certain. Hurst’s evidence, that 
two parents both with light-coloured eyes — in the strict sense, meaning 
that no pigment is present on the front of the iris — do not have dark- 
eyed children, still stands almost alone in this respect. With regard 
to the inheritance of other colour-characteristics some advance has been 
made, but everything points to the inference that the genetics of colour 
and many other features in man will prove exceptionally complex. 
There are, however, plenty of indications of system comparable with 
those which we trace in various animals and plants, and we are assured 
that to extend and clarify such evidence is only a matter of careful 
analysis. For the present, in asserting almost any general rules for 
human descent, we do right to make large reservations for possible 
exceptions. It is tantalising to liave to wait, but of the ultimate result 
there can be no doubt. ^ 

I spoke qf complications. Two of these are w^orth illustrating here, 
for probably both of them play a great part in human genetics. It 
was discovered by Nilsson-Ehle, in the course experiments with 
certain wheats, that several factors having the same power may co-exist 
in the same individual. These cumulative factors do not necessarily 
produce a cumulative effect, for any one of them may suffice to give 
the full result. Just as the pure-bred tall pea with its two factors for 
tallness is no taller than the cross-bred with a single factor, so these 
wheats with three pairs of factors for red colour are no redder than the 
ordinary reds of the same family. Similar observations have been 
made by East and others. In .some cases, as in the Primulas studied 
by Gregory, the effect is cumulative. These results have been used 
with plausibility by Davenport and the American workers to elucidate 
the curious case’ of the mulatto. If the descent of colour in the cross 
between the negro and tlie white man followed the simplest rule, the 
offspring of two first-cross ^mulattos would be, on an average, one 
black: two mulattos: one white, but this is notoriously not so. 
Evidence of some segregation is fairly clear, and the dcificiency of real 
whites may perhaps be accounted for on the hypothesis of cumulative 
factors, though by the nature of the case strict proof is not to be had. 
But at present I own to a preference for regarding such examples as 
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instances of imperfect segregation. The series of germ«cells produced 
by the cross-bred consists of some with no black, some with full black, 
and others with intermediate quantities of black. No statistical tests 
of the condition of the gametes in such cases exist, and it is likely that 
by choosing suitable crosses all sorts of conditions may be found, 
.ranging from the simplest case of total segregation, in which there are 
only two forms of gametes, up to those in wliich there are all inter- 
mediates in various proportions. This at least is what general experi- 
ence of hybrid pr^ucts leads me to anticipate. Segregation is 
somehow effected by the rhythms of cell-division, if such an expression 
may be permitted. In some cases the whole factor is so easily separated 
that it is swept out at once ; in others it is so intermixed that gametes of 
all degrees of purity may result. That is admittedly a crude metaphor, 
but as yet we cannot substitute a better. Be all this as it may, there are 
many signs that in human heredity phenomena of this kind are common, 
whether they indicate a multiplicity of cumulative factors or imper- 
fections in segregation. Such phenomena, however, in no way detract 
from the essential truths that segregation occurs, and that the organism 
cannot pass on a factor which it has not itself received. 

In human heredity we have found some examples, and I believe 
that we shall find many more, in which the descent of factors is limited 
by sex. The classical instances are those of colour-blindness and 
hfismophilia. Both these conditions occur with much greater frequency 
in males than in females. Of colour-blindness at least we know that 
the sons of the colour-blind man do not inherit it (unless the mother 
is a transmitter) and do not transmit it to their children of either 
sex. Some, probably all, of the daughters of the colour-blind father 
inherit the character, and though not themselves colour-blind, they 
transmit it to some (probably, on an average, half) of their offspring 
of both sexes. For since these normal-sighted women have only 
received the colour-blindness from one side of their parentage, only 
half their offspring, on an average, can inherit it. The sons who 
inherit the colour-blindness will be colour-blind, and the inheriting 
daughters become themselves again transmitters. Males with 
normal colour- vision, whatever their own parentage, do not have colour- 
blind descendants, unless they marry transmitting women. There 
are points still doubtful in the interpretation, but the critical fact is 
clear, that the germ-cells of the colour-blind man are of two kinds: 
(i) those which do not carry on the affection and are destined to take 
part in the fonnation of sons ; and (ii) those which do carry on the 
colour-blindness and are destined to form daughters. There is evidence 
that the ova also are similarly predestined to form one or other of the 
sexes, but to discuss the whole question of sex-detennination is beyond 
my present scope. The descent of these sex-limited affections never- 
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Hicloss calls for mention liere, because it is an admirable illustration of 
factorial predestination. It moreover exemplifies that parental polarity 
of the zygote to which 1 alluded in my first Address, a phenomenon 
which we suspect to be at the bottom of various anomalies of heredity, 
and suggests that there may £e truth in the popular notion that in 
scone respects sons resemble their mot£ers and ^ghters their fathers. 
As to the descent of hereditary diseases and malformations, however, 
we have abundant data for decfding that jaany are transmitted as 
dominants and a few as recessives. The most remarkable colleotion 
of tliese data is to be found in family histories d diseases oi the eye. 
Neurology and dermatology have also contributed many very instructive 
pedigrees. In great measure the ophthalmological material waa 
collected by Edward Neltleship, for whose death we so lately grieved. 
After retiring from practice as an oculist he devoted several years to 
this most laborious task. He was not content with hearsay evidence, 
but travelled incessantly, personally examining all accessible members 
of the families concerned, working in such a way that his pedigrees 
are models of orderly observation and recording. His zeal stimulated 
many 'younger men to take part in the work, and it will now go on, 
with the result that the systems of descent of all the common hereditary 
diseases of the eye will soon be known with approximate accuracy. 

Give a little imagination to considering the chief deduction from 
this work. Technical details apart, and granting that we cannot 
wholly interpret the numerical results, sometimes noticeably more and 
sometimes fewer descendants of these patients being affected than 
Meudelian forniuJffi would indicate, the expectation ia that in the case 
of many diseases of the eye a large proportion of th*e children, grand- 
children, and remoter descendants of the patients will be affected with 
the disease. Sometimes it is only defective sight that is transmitted ; 
in other cases it is blindness, either from birth or coming on at some 
later age. The most striking example perhaps is that of a form of 
night-blindness still prevalent in a district near Montpellier, which 
has affected at least 130 persons, all descending from a single affected 
individual * who came into the country in the seventeenth century. 
The transmission is in every case through an affected parent, and no 
normal has been known to pass on the condition. Such an example 
well serves to illustrate the fixity of the rules of descent. Similar 
instances might be recited relating to a great variety of other conditions, 
some trivial, others grave. 

* The firet hu^n descent proved to follow Menddian rnles was that of a 
serious malformation of the hand studied by Farabee In America. Drinkwater 
•nbsequently worked out pedigrees for the same malformation in England. After 
many_ att^pte, be now tells me that he has succeeded in proving that the 
Amenew family and one of Kis own had an abnormal ancestor in common, five 
generations ago. 
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At various times it has been declared that men are born equal, and 
that the inequality is brought about by unequal opportunities. 
Acquaintance with the pedigrees of disease soon shows the fatuity of 
such fancies. The same conclusion, .we may be sure, would result 
from the true representation of the descent of any human faculty. 
Never since Qalton's publications can the matter have been in any 
doubt. At the time he began to study family histories ev^ the broad 
sigoifioanoe <A heredity -was j^uently denied, and resemblances to 
parents or anc^tors were^^opked on as interesting curiosities. 
Inveighing against hereditary political instituti<His, Tom Paine remarks 
that the idea is as absurd as that of an * hereditary wise man,’ or an 
‘ hereditary mathematician,’ and to this day I suppose many people are 
not aware that he is saying an]rthing more than commonly foolish. 
We, on the contrary, would feel it something of a puzzle if two parents, 
both mathematically gifted, had any children not mathematicians. 
Gallon first demonstrated the overwhelming importance of these con- 
siderations, and had he not been misled, partly by the theory of 
pangenesis, but more by his mathematical instincts and training, which 
prompted him to apply statistical treatment rather than qualitative 
analysis, he might, not improbably, have discovered the essential facts 
of Mend^ism. 

It happens rarely that science has anything to offer to the common 
stock of ideas at once so comprehensive and so simple that the courses 
«.of our thoughts are changed. Contributions to the material progress 
of mankind are comparatively frequent. They result at once in 
application. Trapsit is quickened; communication is made easier; the 
fo^-supply is inc/eased and population multiplied. By direct applica- 
tion to the breeding of animals and plants such results must even 
flow from Mendel’s work. But I imagine the greatest practical change 
likely to ensue from modem genetic discovery will be a quickening of 
interest in the true nature of man and in the biology of races. I have 
spoken cautiously as to the evidence for the operation of any simple 
Mendelian system in the descent of human faculty; yet the certainty 
that systems which differ from the simpler schemes only in degree of 
complexity are at work in the distribution of characters among the 
human population cannot fail to influence our conceptions of life and 
of ethics, leading perhaps ultimately to modification of social usage. 
That change cannot but be in the miun one of simplification. The 
eighteenth century made great pretence of a retiim to nature, but it 
did not occur to those philosophers first to inquire what nature is; 
and perhaps .not even the patristic writings contain fantasies much 
♦urther from physiological tmth than those which the rationalists of 
the * Enoydopaadia ’ .adopted ae the basis of their social schem^. For 
men are so far from being born equal or similar that to the naturalist 
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they stand as the very type of a polymorphic species. Hvcn most ot 
our local races consist of many distinct strains and individual types. 
From the population of any ordinary English town as many distinct 
human breeds could in a few generations be isolated as (here are now 
breeds of dogs, and indeed such a population in its present state is 
much what the dogs of Europe w'ould be in ten years’ time but for the 
interference of the fanciers. Even as at present constituted, owing 
to the isolating oltects of instinct, fashion, occupation, and social class, 
many incipient strains already exist. 

In one respect civilised man differs from all other speclt's of animal 
or plant in that, having prodigious and ever-increasing i)ower over 
nature, he invokes these powers for the preservation and maintenance 
of many of the inferior and all the defective members of his species. 
The inferior freely multiply, and the defective, if their defects be not 
so grave as to lead to their detention in prisons or asylums, multiply 
also without restraint. Heredity being strict in its action, the conse- 
quences are in civilised countries much what they would be in the 
kennels of the dog-breeder who continued to preserve all his puppies, 
good and bad : tlie proportion of defectives increases. The increase is 
so considerable that outside every great city there is a smaller town 
inhabited by defectives and those who wait on them. Bound Ix)ndon 
we have a ring of such towns with some 30,000 inhabitants, of whom 
about 28,000 are defective, largely, though of course by no means 
entirely, bred from previous generations of defectives. Now, it is not 
for us to consider practical measures. As men of science we observe 
natural events and deduce conclusions from them. I may perhaps be 
allowed to say that the remedies proposed in America, in so far as they 
aim at the eugenic regulation of marriage on a comprehensive scale, 
strike me as devised without regard to the needs either of individuals 
or of a modern State, Undoubtedly if they decide to breed their 
population of one uniform puritan grey, they can do it in a few 
generations; but I doubt if timid respectability will make a nation 
happy, and I am sure that qualities of a different sort are needed if it 
is to compete with more vigorous and more varied communities. 
Everyone must have a preliminary sympathy wuth the aims of eugenists 
both abroad and at home. Their efforts at the least are doing some- 
thing to discover and spread truth as to the physiological structure of 
society. The spirit of such organisations, however, almost of 
necessity suffers from a bias towards the accepted and the ordinary, 
and if they had power it would go hard with many ingredients of 
Society that could be ill-spared. I notice an ominous passage in which 
even Gallon, the founder of eugenics, feeling perhaps some twinge ot 
his Quaker ancestry, remarks that * as the Bohemianism in the nature 
of our race is destined to perish, the sooner it goes, the happier for 
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niankiiKl. ' Ifc is not the eugenists who will give ns what Plato has called 
divine releases fiDin the common ways. If some fancier with the 
catholicity of Shakespeare would take us in hand, well and good ; but 
I would not trust even Shakespeares meeting as a committee. Let us 
remember that' Beethoven’s father was an habitual drunkard and that 
liis mother died of consumption. From the genealogy of the patriarchs 
also we learn — what may very well be the truth — that the fathers of 
such as dwell in tents, and of all such as handle the harp or organ, 
and the instructor of every artificer in brass and iron — the founders, 
that is to say, of tlie arts and the sciences — came in direct descent 
from Cain, and not in the posterity of the irreproachable Seth, who 
is to us, as he probably was also in the narrow circle of his own 
contemporaries, what naturalists call a nomen nudum. 

Genetic research will make it possible for a nation to elect by what 
sort C)f beings it will be represented not very many generations hence, 
much as a fanner can decide whether his byres shall be full of short- 
horns or Herefords. It will be very surprising indeed if some nation 
does not make trial of this new power. They may make awful mis- 
takes, but I think they will try. 

Whether we like it or not, extraordinary and far-reaching changes in 
public opinion are coming to pass. Man is just beginning to know 
himself for what he is — a rather long-lived animal, with great powers 
of enjoyment if he does not deliberately forgo them. Hitherto 
superstition and mythical ideas of sin have predominantly controlled 
these powers. Mysticism will not die out ; for those strange fancies 
knowledga^is no qure; but their forms may change, and mysticism as 
a force for the syppression of joy is happily losing its hold on the 
modem world. As in the decay of earlier religions Ushabti dolls 
were substituted for human victims, so telepathy, necromancy, and 
other harmless toys take the place of eschatology and the inculcation 
of a ferocious moral code. Among the civilised races of Europe we 
are witnessing an emancipation from traditional control in thought, in 
art, and in conduct which is likely to have prolonged and wonderful 
influences. Returning to freer or, if you will, simpler conceptions of 
life and death, the coming generations are determined to get more out 
of this world than their forefathers did. Is it then to be supposed 
that when science puts into their hand means for the alleviation of 
suffering immeasurable, and for making this world a happier place, 
that they will demur to using those powers? The intenser struggle 
between communities is only now beginning, and with the approach- 
ing exhaustion of that capital of energy stored in the earth before man 
began it must soon become st’iW more fierce. In England some oi our 
great-grandchildren will see the end of the easily accessible coal, and, 
failing some miraculous discovery of available energy, a wholesale 
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reduction in population. Thei'e are races who have shown themselves 
able at a word to throw off all tradition and take into their service 
every power that science has yet offered them. Can we expect tliat 
they, when they see how to rid themselves of the ever-increasing 
w'eight of a defective population, vrill hesitate? The time cannot be 
far distant when both individuals and communities will begin to 
think in terms of biological fact, and it behoves those who lead 
scientific thought carefully to consider whither action should lead. 
At present I ask you merely to observe the facts. The powers of 
science to preserve the defective are now enormous. Every year 
these powers increase. This course of action must reach a limit. 
To the deliberate intervention of civilisation for the preservation of in- 
ferior strains there must sooner or later come an end, and 'before long 
nations will realise the responsibility they have assumed in multiplying 
these * cankers of a calm world and a long peace. ’ 

The definitely feeble-minded we may with propriety restrain, as 
we are beginning to do even in England, and we may safely prevent 
unions in which both parties are defective, for the evidence shows 
that as a rule such marriages, though often prolific, commonly produce 
no normal children at all. The union of such social vermin we should 
no more pennit than we would allow parasites to breed on our own 
bodies. Further than that in restraint of marriage We ought not to 
go, at least not yet. Something too may be done by a reform of 
medical ethics. Medical students are taught that it is their duty to 
prolong life at whatever cost in suffering. This may have been right 
when diagnosis was uncertain and interference usually of ^lall effect ; 
but deliberately to interfere now for the preservation of an infant so 
gravely diseased that it can never be happy or come to any good is 
very like wanton cruelty. In private few men defend such inter- 
ference. Most who have seen these cases lingering on agree that 
the system is deplorable, but ask where can any line be drawn. The 
biologist would reply that in all ages such decisions have been made by 
civilised communities with fair success both in regard to crime and 
in the closely analogous case of lunacy. The real reason why these 
things are done is because the world collectively cherishes occult 
views of the nature of life, because the facts are realised by few, and 
because between the legal mind — to which society has become accus- 
tomed to defer — and the seeing eye, there is such physiological 
antithesis that hardly can they be combined in the same body. So 
soon as scientific knowledge becomes common property, views more 
reasonable and, I may add, more humane, are likely to prevail. 

To all these great biological problems that modern society must 
sooner or later face there are many aspects besides the obvious ones. 
Infant mortality we are asked to lament without the slightest thought 
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of whali the world would be like if the majority of these infants 
were to survive. The decline in the birth-rate in countries already 
over-populated is often deplored, and we ere told that a nation in 
which population is not rapidly increasing must be in a decline. The 
slightest acquaintance with biology, or even school-boy natural history, 
shows that this inference may be entirely wrong, and that before such 
a question can be decided in one way dr the other, hosts of considera- 
tions must be taken into account. In normal stable conditions 
population is stationary. The laity never appreciates, what is so clear 
to a biologist, that the last century and a quarter, corresponding with 
the great rise in population, has been an altogether exceptional period. 
To our species this period has been what its early years in Australia 
were to the rabbit. The exploitation of energy-capital of the earth in 
coal, development of the new countries, and the consequent pouring 
of food into Europe, the application of antiseptics, these are the things 
that have enabled the human population to increase. 1 do not doubt 
that if population were more evenly spread over the earth it might 
increase very much more; but the essential fact is that under any 
stable conditions a limit must be reached. A pair of wrens will bring 
off a dozen young every year, but each year you will find the same 
number of pears in your garden. In England the limit beyond which 
under present conditions of distribution increase of population is a 
source of suffering rather than of happiness has been reached already. 
Younger communities living in territories largely vacant are very 
probably right in desiring and encouraging more population. Increase 
may, for some temporary reason, be essential to their prosperity. But 
those who live, as^I do, among thousands of creatures in a state of 
semi-starvation will realise that too few is better than too many, and 
will acknowledge the wisdom of Ecclesiasticus who said ‘ Desire not a 
multitude of unprofitable children.’ 

But at least it is often urged that the decline in the birth-rate of 
the intelligent and successful sections of the population — ^I am speaking 
of the older communities — is to be regretted. Even this cannot be 
granted without qualification. As the biologist knows, differentiation 
is indispensable to progress. If population were homogeneous civilisa- 
tion would stop. In every army the officers must be comparatively 
few. Consequently, if the upper strata of the community produce 
more children than will recruit their numbers some must fall into the 
lower strata and increase the pressure there. Statisticians tell us that 
an average of four children und6r present conditions is sufficient to 
keep the numW constant, and as the expectation of life is steadily 
improving we may perhaps contemplate some diminution of that number • 
without alarm. 
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Table III. 

95 Erron of P for MUne Srittmographs in 1913 . 


Distance from Epicentre 

Error 0 ® — 40 * — 80 ^* — 90 ° — 1 (K)° — 130 ° 


I^rire i 

_ ^ 

-M8-7 : 

+39-4 

^.40•^ ! 


Pocitive ‘ 

— * 

+ 15-3 ■ 


4 25 0 


Traiisforreil 
to S 

— 

(6) 

i^) 

(10) 

(•>) 

i’Ri 

_ 

+4-3 

_ 

(9) 

(«) 


+3-3 


— 

“ 

Doubtful 


4-2-9 


4-2-8 

+20 


— 

4-2-7 

— 

+20 



-- 

+ 1*8 



41-4 



— 

-rl4 


— 


m. 



+ 1-2 

“ 



+0*9 i 

— 

1 

— 

— 

1 

+0«8 

— 

1 

— 


— 

+0-7 

— 

— 

1 

— 

— 

+0-6 

— 

— 

1 


1 

+0-5 

1 

1 

— 

— 


4-0-4 

— 

1 

__ 

— 

1 — 

i -^0-3 

i 

3 


— 

— 

i +0-2 

— 

2 

— 

— 

— 

+0-1 

— 

2 

— 

— 

“ 

0-0 

— 

1 

— 

— 

— 

, -01 

— 

— 

— 

— 

— 

1 -0-2 

«> 

1 

1 

— 


-0-3 

— 

1 

— 

— 

1 . . 

1 

■ -0-4 

— 

' — 


— 


: -0-6 

— 

— 

— 

— 

— 

! -0-6 

: — 

— 

— 

— 

— 

-0-7 

‘ — 

1 

— 

— 

— 

j -0-8 

— 

[ — 

— 

— 

— 

1 -0-9 

1 

— 

1 

i 

; 

1 

; — 


^ . 

! 

1 " " 

1 

r 

— 

! 

: 

1 

j Doubtful 

-1-2 

1 -1-0 

1 

1 

-1-9 



i 

j -1.2 

1 

1 

1 

1 

1 i 

r 

1 

- 3-4 


-5*4 

-12-4 

I Negative 

i 


- 6-8 

I — 

— 

-47-5 

— ■ 

-lO-l 

— 

— 

-25-4 

1 

i 

-- I 

1 

1 

-353 

— 

1 
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all those marked doubtful) only 39 , can be regarded as tnie readings 
of P ; say 40 per cent, at most. With the other machines there are 
87 out of 134, or 66 per cent. 

Coming now to S, and correcting the results (which include those 
transferred from P) as for other instruments, we find 12 large errors; 
the others are distributed as below : — 


Tibls IV. 

38 Errors for 8 in Milne Seismographs in 1013. 


Distance from Epicentre I 

0® — 40** — 80“ — 130“ All ' 


m. m. 
+3*3 to +3-7 
; +2*8 to +3-2 

4-2-3 to 4-2-7 
-f-1-8 to 4-2-2 
-■[“ 1 *3 to 4" 1 
4-0-8 to 4-1-2 
4-0-3 to 4-0-7 
—0*2 to 4"9*2 
-0-7 to -0-3 
-1-2 to -0*8 
■ -1-7 to -1-3 

I -2*2 to -1-8 

-2*7 to -2-3 



The mean of the errors is i 1*1 m. ; for other instruments it was 
± 0*73 m. The ratio of these is about the same as in the case of P. 
J3ut it will be seen that there are acceptable readings of S in 38 cases, 
whereas for the same earthquakes there are only 39 of P at most. 
It is usually considered that the Milne instruments show P but not S. 
The evidence here tabulated points to the conclusion that S is shown 
all least as well as P. It is true that the five earthquakes considered 
are large ones; but it might reasonably be argued that P should 
therefore have the better chance of asserting itself. It seems probable 
that in some cases P could be recovered from the records when it was 
realised that the reading formerly given was that of S. The important 
point is that without any great difficulty it can be settled when 
we have an S reading, for the cases of doubt are few. We may now 
give the 12 large errors excluded as mistakes; they are 4 - 35 * 2 m.. 
4-ll*9m., 4-10*3m., 4-9*lm., 4-8*7m., 4 - 8 - 6 m., the smallest of 
which exceeds the maximum error ( + 3*5 m.) accepted as S by over 6 m. ; 
and on the negative side we have — 4-4m., -4*4 m., -5*1 m., -8*0 m., 
-}-ll’ 8 m., and -14*2 m. Here the separation is not so marked; but 
there is a full 2 m. interval. Some or all of these negative errors may 
be readings of PBi, bub tlie two largest, which both occur on January 11 
(Toronto - 11*8 m. and Stonyhurst —14*2 m.), are supported by 
several other readings and probably refer to a preliminary shock. As 
the performance of the Milne pendulums is the main point under 
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investigation, .not only were the above five earthquakes used, hut also 
five others in 1911 as follows : — 


! 

1 

Dutc 

Adopted Epicentre ' 

Adopted Time 




h. 

m. 

8. 

I. . . . 

1 1911, July 4 

39 0 N., 71-4 E. 

13 

33 

33 

. II. . . . ; 

, 1911, July 12 1 

; 27 0 N., 116 0 K. 

4 

9 

7 

. HI. . . . 1 

1 1911, Aug. 16 ! 

1 19 0 8., 140 0 E. 

22 

38 

ui 

IV. ... 

i 1911, Oct. 14 

! 33 5 N., 82*5 E. 

23 

24 

1 

. V. ... 

1 1911, Doc. 16 

1 120 N., 101-8 AV. 

19 

13 
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For these earthquakes Pulkovo epicentre deternunations were not 
available, but the results from Galitzin instruments at Eskdalemuir are 
published in the ‘Geophysical Journal,* and have been adopted for 
use. The computations were kindly made by Mr. A. E. Young, 
fomerly Deputy Surveyor-General of the Malay Survey, who is .'U 
present working at the Oxford University Observatoiy; and in this 
instance greater care was taken, Mr. Young calculating the distances 
trigonometrically (instead of reading them from a globe) and using 
the limes and tables to seconds of time in the computations, tlioiigli 
in giving the results the unit O'lm. has been considered sufficient. 

V . — Comparison of Films for 1911. 

The chief ohject in using this additional material was as follows. 
It was thought that some of the en'ors of the Milne instruments might 
be due to faulty readings of the records, susceptible of con-ection. To 
test the general accuracy of such readings the different stations were 
invited to send their films for the year 1911 to Shide, and many 
of them have responded. Some had bound up their films in such a 
way that transmission was undesirable; but films for 1911 have been 
received at Shide from Cape Town, Cork, Toronto, San Fernando, 
Sydney, Helwan (Egypt), Victoria, Ascension, Perth, Seychelles, 
Eskdale, Guildford, and ('olonibo, and have been systematically 
examined at Shide by Mr. Burgess and !Mr. Pring, who have had 
much experience in reading the Shide films. It w^as thought advisable 
to ir.ake this examination quite independently, before knowing 
whether the revised readings would suit the calculated facts better ; and 
indeed the calculations were made at Oxford, so that the Shide readings 
were made in ignorance of the tabular result either before or after. 
On comparing the old and new readings with expectation, it does not 
appear that the new afford any systematic improvement on the old. 
The actual figures for the above five earthquakes are as follows (the 
quantities given being differences from expectation, calculated as already 
indicated). They apply entirely to the pliase P, th^ phase S being 
seldom read from the Milne records. 
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Tablh V, 

Compnr'mn of Original and Revisfd Readings af Various films jor the 
Phase P» 


Quak^. 

II, 

III. 


I. 

• IL 
HI. 
V. 


AflcenHion. 

Om. 

. . -5-5 

t>pe T#wn 

. -OS 
. +1-S 
. 4 0*3 
. . -f 5 5 


HflwAI-. 


Seychelles. 


Rov. 

Quake. 

' Grig. 

Rev. 

Not read 

I. . . 

. +60 

Not read 

+51 

11. . . 

. . +0-0 

-1-0 

III. . . 

. . +1-5 

+ 1-5 


V. . . 

. . (37-0) 

(34-0) 

+0-2 

+2-9 

+5-8 

For V. epicentre 

is 10 distant that tablei 

fail. 

Sydney. 


+ 6-1 

I. . . 

. . +2-S 

-14-4 


II. . . 

. . - 4-.5 

-41-9 


III. . . 

. . +1-7 

-13-2 


Readings for Jan. and Feb. confirmed ' 9-b 4- 9-2 

former results so cons'istently that the For 11. an earlier quake is confirmed by 
florutiny was discontinued as super- > Alipore. For III. see Toronto. 


fiuous. 


Perth. 

Ill 4'3A+**S 

V +2-4\[4I-5 


San Fernando. ^ 

I --0-2 ~30 

III 4*S-9 L(j,0. 

IV 4>9*5+2r7'. 

V -0*3 -0-7 \ 


I Toronto, 

j I. . . r . +101 -14 4 

I II -I- 4-9 + 41 

III 4-9-7 - U-3 

V - 03 - M 

For HI. see Sydney. 

) 

Victoria. 

j V Q.l - o-l 

; Films not sent for other earthquakes. 


After consideration of tlie above figures, it was decided to apply 
no corrections at all, but to accept the original readings as they stand, 
and in Table VI. th&e are compared with calculated values. The table 
corresponds to Table III. except that A was now' used in km., and 
the grouping is therefore a little different. 

There is room for some difference of opinion as to the 17 records 
marked doubtful; but the 12 4134-15 + 344 = 47 readings in the body 
of the table are probably normal. We thus get at least 47 but not 
more than 64 normal readings out of 108. These figures are better than 
the 1013 figures and encourage the hope that on the w'hole 50 per cent, 
of the recorded readings for P may be normal; but the percentage 
cannot bo higher than this; 

One feature of the records seems to demand further investigation. 
There is a suggestion that tho readings are divisible into two groups 
sef)arated by about a whole minute; and this applies also to the 
results for 1913, though they are scarcely numerous enough to declare 
it independently. It wdll be seen that the records -0’4 m. and -0*5 m. 
are not represented in either table, thus creating an appearance of 
separation. But this may be purely accidental. 

- Coming now to * S, Table VII. has been formed in the 
lame manner as before, adopting the same corrections to the tables 
for time of S. There are three consistent observations of S at A 
-15,000 kms. for w'hich the tables are scarcely available but were 
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Table VI. 

108 Errors of P for Milne Seimoqraphs in 1011. 


OistAnco from Kpici»iitw in kms. 

0 _ r>(H)U — JHHH) - KHHH) ~ iUNK) 1.3000 ovi'r 


Large Errors . 

m. 

+17-2 

m. 

4-221 
4- 161 



— 

— 


- 

S . . . 
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(1) 

(3) 

II — 

— 

+ 10-8?' 
+ 9*7T 
+ 8-6? 

PRx . . . 


+4*6 

+4+ 

+81 

4'6.3 

+5*9 

1 

+5'2 1 


+3-3 

+4-3 

— > 

^+6-2 

+6*7 

+5-1 ; 



4-2-6 

+4-2 

““ i 

r+4-9 

4-6-5 

+4+ 


I 1 

4-2-6 



f ■ 

+63 

+39 ! 

Doubtful . 

+1-7 

i 

+1-7 1 

! 4-1-6 

Tl 

s 

W# 

+2-» 

+3-0 

I 

/ ! 

+ 1-2 

+ 1-7 j 

4-16 

; .i— 

, 'i-2-3 j 

+2-4 

— 


+1-0 

+ 1-S 



* 4-10 ; 

+ 14 

— 

1 I 

1 ! 

+10 

+1-6 

-f-i-o 1 

j 

1 

— 

— 


! 


+0-7 1 — — 

4-06 I 1 ! ~ 

-f-0-5 — , 1 

-hO’4 , — — i 

i-0’3 , — i j 

f02 ; I { 1 2 

4 . 0.1 ! - ! ^ 

00 — ‘ 1 1 

-01 1—2 

-0-2 — 2 — 
-03 1 1,2 

-0-4 ' — — . — 

-0-5 — — — 

-0-6 : 2 3 , — 

-07 1 — — 

-0-8 '2 12 

-0-9 i 1 1 2 

-10 : 1 — — 

-M '1 _ 

-1-2 — — : 1 

-1-3 - - . I 

- 1.4 — _ 

-1-5 ; — 1 . — 


1 


. I - 434 ) i - 3.6 

j — I -4-5 
! — -4-7 
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pruvision:illy extended. It seems clear that an even larger correction is 
necessary at this distance than has been assumed. In calculating 
till' nifaiii error iliese observations have been omitted, and the mean 
enor is tiien ± 1‘1 m. as before. Including them as they stand 
I'aiscH il to :i 1*3 m. 

Tablk Vll. 

30 Errorit for 8 for MUnt Seimographi in 1311. 


Distance from Epicentre in kms. > 

0 - 6000 - 9000 - 10000- 11000- leWOO- All! 


+2-8 to +3-2 



1 



1 

+2-3 to +2*7 

— 

1 

1 

— 

— 

2 

+1-8 to +2-2 

1 

1 


— 

— 

2 

+ 1‘3 to +1*7 

— 



— 

— 

0 

+0-8 to +12 

— 

— 

2 

1 

— 

3 

+0-3 to +0-7 

— 

3 

2 

1 

— 

6 

—0*2 to 4*0*2 i 

1 

1 

3 

— 1 

— 

4 

-0*7 to -0-3 1 

1 

3 

— 

1 

— 

4 ^ 

. -1-2 to -0-8 

7 

2 

— 

1 

— 

7 j 

-1*7 to -1*3 

— 

1 

1 

— 

(1) 

2 ! 

-2*2 to -1-8 

— 

1 

— 

— 

(2) 

1 ; 

-2-7 to -2-3 

— 

1 

— 

— 


1 1 

1 


In addition there are three large positive errors ( + 9*9 m., +7*8m. 
and +7‘8m.) and four large negative (-6*2 m., -5*8 m., -6*7 m. 
and -8*1 ni.), which may be reflected waves. The percentage is 
slightly less than before, but, putting 1911 and 1913 together, we 
have 3G + 39 = 75 tolerably certain S readings as against 47 + 25 = 72, 
or possibly 64 + 39 = 103 P readings. The fact that S is as often 
readable as P on Milne seismograms, at any rate for large earthquakes, 
seem.s to be thus fairly well established. 

VI. — Comparison of Milne and Galitzin Insirumenis. 

To the information conveyed by the above discussion the follow inu; 
may be added. At Eskdalemuir Observatory^ various seismogi'aphs have 
been ir.ounted side by side for comparison, and Mr. G. W . \\ alker 
made vc^y careful and thorough coiupurisons of the relative advan- 
tages as indicated in his book already referred to. It seemed desirable 
at the present juncture to have a formal report on tlie comparison of 
the l^Iilne instrument with at least one other; and the Galitzin seemed 
I lie best to select as standard of comparison. Application was tliei e- 
fore made to the Siqioriiitendent of tlie Meteorological Office, and lie 
kindly sent the following report, to which the names of L. F. 
Ihchardson and L. JI. G. Dines are attached. 

Comparison between the Milne and the Galitzin types of Seismographs. 

It is convenient to treat the question under several different 
aspects, and a brief description of the two instruments may usefully 
precede the rest. 

It is unnecessary to say much about the Milne instrument. 
Extreme lightness and compactness characterise it, and no simpler 
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rnethotl of optical registration could well be devised. No expensive 
lenses are needed, and, with the exception of a few ])iir(s of the 
mechanism, no specially high-class work is required in manufactui-e. 
The whole of the apparatus is self-contained and does not take up 
much floor-space. It does not require a continuously darkened room 
in which to work. Two pendulums to record both N.S. and 
moveiTients can be installed in the same case and record on tlie same 
drum. 

The Galitzin instrumefit, on the other hand, is a very much more 
complicated affair. It is designed to follow a somewhat elaborate 
mathematical theory, and high-class workmanship and accuracy are 
needed in its constnictlon. Its pendulum is shorter than the Milne 
and much heavier — say, seven kilograms. It is hung by two steel 
wires (Zollner system), and has no pivot at all in some cases. Pro- 
vision, however, is made on the pendulum and frame for a steel point 
and cup to be Inserted if required. The supporting wires might, with 
advantage, be made of tungsten if corrosion were feared. At the outer 
end of the boom are fixed to the frame four powerful horaeshoe 
magnets. Between the poles of one pair of these moves a set of wire 
coils fixed to the boom and coupled in series with a delicate galvano- 
meter placed in any convenient position elsewhere. Between tlie 
other pair is a lai'ge copper plate, also fixed to the boom, and this lust 
acts as a magnetic damper. The magnets can be adjusted as desired 
to vary the magnetic field betw'oen the poles. 

The galvanometer is of the moving coil type, and has a long period 
of oscillation when undamped. This galvanometer is an excellent 
piece of work and is electrically damped so that it can be renclere<l 
ju.st aperiodic. With the whole instrument in nonnal workin^g it is 
necessary that the undamped periods of both pendulum and galvano- 
meter should be tlie same, and that they both should be damped just 
to the limit of aperiodicity. 

The optical registration consists of a collimator with a fine slit 
powerfully illuminated. Tlie lieqm is reflected from a mirror on the 
galvanometer and thence to the recording drum, where a cylindrical 
lens condenses the line of light into a point on the paper. 

The two I'lendulums for recording N.S. and E.W. movements are 
under entirely separate covers, and in a more refined installation two 
.separate drums are also used ; but it is passible to use one drum only 
and arrange the spots of light from the two galvanonietera side by 
side. 

A good deal of floor space is required, and the room in which the 
recording parts aro' placed must be kept dark. 

The galvanometers and recording drum may be placed in a separate 
room altogether; and, in fact, are better so placed. The presence of 
the attendant is likely to disturb the pendulum if be brings his weight 
near the pillar on which it stands. The recording part of the 
apparatus is quite unaffected by disturbances in the room in which it 
is placed. 

For a further description of the Galitzin instniment see 
(1) • Modem Seismology,’ by G. W. Walker, chapters 9 end 3. 
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(2) The catalogue supplied by H. Masing, St. Petersburg, the 
luakers ol‘ the pendulum and recording part of the instrument. 
(Ji) ‘ ITeber cin neues Aperiodisches Horlzontalpendel rnit galvano- 
luetrisclier Fernregistrierung, * by Prince B. Galitzin. (4) ‘I'ebur 
tjineii neuen Seismograplien fiii* die Vertikalkoinponeiite der 
bowegung, ' by Prince B. Galitzin. (5) * Die electromagnetische 
Ilegistriermcthode/ by Prince B. Galitzin, Academy of Sciences, 
St. Petersburg. 

The Galitzin recorder for vertical movements operates electrically 
in exactly the same manner as the horizontal instrument, and a similar 
magnetic damper is fitt»ed to it. The room in which the pendulum 
is placed must be maintained as far as possible at a uniform tempera- 
ture, as the change in the elasticity of the spring which supports the 
pendulum causes excessive wandering if the temperature changes by 
even as little as 0.5 per cent. 

Comparaiivs cost. — A Galitzin installation is much more expensive 
than a corresponding Milne one. Two horizontal pendulums complete 
\^ith galvanometer and one recording drum cost at least 148/., while 
the pendulum for vertical movements with galvanometer and drum 
costs at least 1102. 

This does not exhaust the expensiveness of the instruments, since 
about six times as much sensitive paper is required for one Galitzin 
recording drum as for one modern Milne drum for two penduhims. 
It is customary to run the paper at tliree centimetres per minute, and 
unless the optical arrangements were improved it would be hardly 
feasible to run it at much less speed without losing a good deal. 
Tender these circumstances the cost in paper alone of one recorder is 
about 33h per annum. 

A tteniion required . — ^The Milne instrument does not require more 
than ordinary skilled attention. If the operator be used to handling 
delicate instnimeiils little more is mfuired. Of the Galitzin instrument 
the same may he said as far as the ordinary routine is concerned, but 
the greater complexity of the apparatus means a greater number of 
things liable to go wrong, and sooner or later it is almost certain 
to happen that liighly skilled attention is necessary. Both types of 
instrument require periodical standardisation, but while in the Milne 
type this is quite a simple process, in the Galitzin it is quite otherwise. 

certain amount of auxiliary apparatus is required, such as telescopes 
and scales, and two persons are necessary to make simultaneous obser- 
vations of the pendulum and galvanometer; when these have been 
made tlie constants of the instrument can be determined. Prince 
Galitzin has worked out formulro for this purpose. 

The whole process lias in general to be gone tlirougli twice for each 
instrument, and it is a lengthy operation, taking probably about two 
working days. A certain measure of observational skill is required to 
take the necessary readings accurately, as well as a fair w'orking know - 
ledge of mathematics to deal with the results when obtained. 

Tt would be possible to simplify the process somewhat more 
than has at present been done, and reduce it largely to routine; but 
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a Galitzin h)stallatioii must always roquiro a groator u oasiiro of 
skilled attenlit)!! lo riui it sum'ssfully tluiu is the ease with IIk* 
simpler types of instnimeiits. 

It is diffieulb to estimate what is the miuimiim of mafhematiral 
and pliysieal knowledge that must ho possessed by an assistji:it in order 
to maintain successfully a Galitzin installation. A worl.ing know- 
ledge of algebra is essential, and probably with this as a basis an 
intelligent operator could learn the rest of tbe routine wnli the tiid 
of computing-forms. But without a knowledge of higher in. it hematics, 
and particularly elemeutary differeutinl equations, it is impossibh* to 
understand the meaning of the fonnulee by which the constants are 
determined. 

Results obtairiable, — ^The Milne type of instrument is verj' sensitive 
as a mere eeismosoope. With the exception of very faint movements 
indeed, some record of a distant quake can always be obtained by it ; 
this is due to the absence of damping and almost entire absence of 
solid friction; by altering the period of oscillation of the boom 
it can be nia<le particularly sensitive to any wave-period desire<l. 
The instrument at Eskdalemuir Observatory has at present a period 
of about eighteen seconds, and this corresponds approximately 
with the wave periods from very faint and remote shocks. For 
waves of this type the Milne instrument leaves some record of 
almost any earthquake that affects the Galitzin instnirnont ; but 
whereas the latter gives a trace that approximately follows tlu‘ a(‘tual 
movements of the ground, the tnK^e. from the former lias little re- 
semblance to it. Maximum movements on the Milne record may 
or may not coincide with the maximum movements of tiie ground : 
it depends on the type of the earth movements and on the period of 
the pendulum. By damping slightly, a more faithful record can i)(‘ 
obtained, and hy making the pendulum actually dead l)eat a inoderalcly 
c/ose agreement will prevail between the actual earth movements and 
those worked out from the record. This can be estahlisherl tlworeti- 
cally, but Prince Galitzin has also conducted experiments which show 
that theory and practice are in close agreement. See, Professor G. G. 
Knott's boc^k on * The Physics of Earthquake Phenomena.’ chapter 5, 
Unfortunately the reduction in the scale of the record which accom- 
panies damping renders the Milne ponduhim very insensitive when 
damped. For some months an oil damper has been fitted to one of the 
Milne pendulums at Eskdalemuir; the ratio of successive elongations 
is approximately 2:4. The results obtained are disappointing for the 
reason given above. 

If any satisfactory means could l)e found of increasing the magnifi- 
cation optically even by a. rruiderate amount, the damped Milne 
pendulum should he capable of yielding good results, and the greater 
simplicity of standardisation should l>e another point in its favour. 

T.\irning to the Galitzin type of machine, as an instrument of 
precision it may safely be said to be ahead of all othdrs. Tlic inter- 
pretation of it.s records is not a very simple matter, but by those 
prepared to spend the time a vast amount of information can be 
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obtained. The scale of raagnificalion varies widely with different wave- 
periods, Ir iny in general approximately 800 as a maximum and for 
periods of about fourteen seconds, and falling off for either longer or 
shorter periods. 

The |.i(dittiiiiary tremors of a distant earthquake can be examined 
particuliiily well, and individual impulses analysed. An experienced 
observer can analyse these preliminary phases from the shape and 
general appearance of the record far more easily than can be done in 
the casf of the undamped Milne record. See ‘ Modern Seismology,’ 
by (i. \V. Walker, F.R.S., chapter 7, for fuller information on this 
point. 

It is probably safe to say that a full and rigid investigation into 
the theory of these instruments has not yet been published, and the 
possibilities of deducing complicated formulae in that direction are vast. 
The high degree of accuracy that in favourable circumstances has been 
obtained in locating epicentres, using the records from a single station 
only, is sufficient to demonstrate the excellence of the instrument as 
at present used. It would be well to state here that, though the 
Galitzin i^rd does not represent the ground motion accurately in 
many cases, yet in the case of the first movement of the first 
phase P of an earthquake the movements on the N.S. and E.W. 
records will be proportional to the actual earth movements provided 
that tlie two pendulums and galvanometers are in correct adjustment 
and have the same undamped period. Hence the azimuth can in 
favourable circumstances be accurately and easily determined, though 
to work out the actual earth movements would be a complicated 
matter. 

One point w'ortliy of mention in which the Galitzin instrument 
differs from most or perhaps all others is the absence of trouble 
arising from the wandering of the pendulum. However the latter may 
wander, the zero of the galvanometer is unaffected. The scale value 
may he altered slightly if the pendulum be far from the middle 
position, but this can easily be corrected from time to time. This 
quality renders the instrument useless for determining slow changes in 
tilt, as can be done with other types. 

Mention has been made above of varying scale value; this intro- 
duces another limitation. For very short periods the magnification 
is very small, being about 110 for one-second period and varying 
direct I v as the period for lesser values. 

Hence rapid vibrations will leave no record, and this may be 
the explanation of the fact that small local earthquakes are not 
recorded on this type of instrument. 

Owing to the high degi'ee of magnification and great sensitivity, 
some trouble is experienced from disturbances due to high winds, 
and from experience at Eskdaleimiir it would seem desirable to house 
the pendulum in a small sheltered building rather than a large exposed 
one. Heavy weights moving in the vicinity cause trouble, as with any 
other sensitive instruments; but the records so produced being of definite 
character can be readily traced to their origin, and are immaterial if not 
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too frequent. Occasional traffic along a neigliboiiring road would not 
cause nuicli confusion on the record. 

A curve is shown attached giving the magnification of movement 
in both the Milne and Oalitzin types. It refers solely to the case 
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of a long-continued series of uniform waves ; but it is noteworthy that 
in the Milne type it cannot be. applied to any other kind of motion and 
may be considerably in erix)r even one or two minutes after the 
commencement of the series. 

In the Galitzin type, however, the free motion dies away much 
more rapidly. 

VII . — Present Value of the Milne Instrument. 

We may suinniarise the present situation as"' follows: — 

(a) The Milne instrument is undamped, but for one purpose — viz., 
the determination of times of arrival of P and S — this does not matter. 
There has been an idea that S (or Pi) is not easy to read on Milne 
records; but S has often been read in mistake for P, and when these 
readings are counted properly S seems to be identifiable as often as P. 
On the other hand, the absence of damping makes the readings of 
maximum of uncertain significance. 

(b) The time scale of the Milne instrument is small and its magni- 
fication is also small. Both might be, increased v^ith advantage, and 
it seems probable that then the times of arrival of and S could 
be read as well as on most other instruments. 

(c) The present wide dispersion of Milne stations makes the records 
of great value. Moat^of the modern instruments are in Europe. For 
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an eartliquake in Europe they are distributed in various azimuths 
(nob quite a coiiij)lete circuit even then), but for distant quakes they 
cluster in the same azimuth and give no material for discussion in 
iiziniulh (see Section VIII.). The Milne stations, however, especially 
ilioso in Australia, can supply this information. 

It is clear, then, that the usefulness of the Milne instruments is 
by no means at an end, as the perfection of modern seismogrii))lis 
(especially the Galitzin instrument) might at first suggest. And it 
sliould not be difficult to extend it considerably. 

(tt) It can be damped effectually. Mr. J. J. Shaw, of West Brom- 
wich, has done this electro-magnetically with an aluminium plate 
in place of the (lalitzin copper plate, whicli is too heavy for the liglit 
Milrfe booTn. At present, however, he has not obtained simultaneously 
sufficient magnification to give the damping effect : damping is 
chipfly of use for following the movements of tlie long waves, and llie 
scale should be big enough to show them clearly. Mr. Shaw is still 
at work on the instniment, and hopes to obtain the requisite magnifi- 
cation. 

{h) Tl»eie shoidd be little difficulty in increasing the magnification 
moderately both in movement and in time scale, though it may 
not bo easy to settle which is the very best way of doing it. Tlio 
experiments being made by various observers should at least give us 
a feasible plan. 

(c) Meanwhile if special attention is paid to getting good time 
determinations, and if the films are carefully rend with a lens, the times 
of arrival of P and S for Milne stations should enable us to conwt 
the fables for considerable distances from the epicentre where the 
iMiropean stations all agree and are all in error owing to their con- 
gestion in azimuth. . (See next Section.) 

VIII. — Correction of the Tables fot' P and S. 

Keoiirring to the discussion of Section IV., it was shown that the tables 
for both P and S were sensibly in error, and the question arises how’ far 
they can be corrected. The main facts are these : — 

(a) The tables for small values of A are sensibly correct. This is 
showm l)y the agreement of determinations of epicentres from Pulkovo 
and Eskdaleniuir, quoted by 6. W. Walker in his monograph (p. 65). 
From each station the azimuth a and the distance A can be determined : 
and from the two azimuths a and a.^ the epicentre can be determined 
without reference to A at all.' This is a modern advance, the importance 
of which is not easily over-estimated. If then the values of A determined 
from the P and S tables agree (to a fraction of a degree) wdth those found 
from the azimuths, the tables must be fairly correct. The value of A 
is about 20*^^^ 

(li) But this single example may give quite a wrong impression of 
tJic accuracy with which an epicentre is at present determined. At 
greater distances we gradually lose the accordance between these stations. 
Tlius, on January 4, 1912, Pulkovo gives 176® B., 49®*62?., and Eskdale- 

> See letter of Gelitua and Walker in Nahirs fer Septeoeiber 5, 1912. 
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muir 177® E., 61® N. ; on July 9 Pulkovo gives 30®-3E., 2°*! N., and Eskdale- 
niuir 33®-9 E. and 5®-3 N. ; and at greater distances still the discordance 
may be 5® or even 10°. The azimuths may still be good, though as the 
azimuthal lines do not meet so sharply, the determination becomes less 
definite ; and, moreover, it must be remembered that actual errors in 
the adjustment of the booms become of greater importance. We have 
nothing to set against the clear evidence offered in Section IV. that the 
tables for S are in error, though since the errors there found arc only 
relative, we may add a constant to them all, substituting, for instance, for 


Error at 15® 

35® 

55® 

75® 

95® 

115° 

m. 

m. 

m. 

m. 

m. 

m. 

—0-3 

th« revised values 

-01 

+01 

+0-3 

+0-5 

+0* i 

0-0 +0-2 +04 4-0*6 

so that the error is small near the epicentre. 
Similarly the errors for P might ^ written — 

H-0-8 

+ 1*0 

Error at 15° 

35® 

55° 

75® 

95® 

11.5° 

m. 

ni. 

m. 

m. 

in. 

m. 

0*0 

00 

+01 

, +0-2 

+01 

+0*6 

if we determine to keep the error small 

near tlie epicentre. 

In this case 


it seems possible that the revised tables just published by the Latidcs- 
antalt fur Meteorologie und (ieodynamik in Zagreb (Agram) might .supply 
information which would determine the unknown arbitrary const a at. 
The errors of the Galitzin tables indicated by Zagreb at the above points 
are 

m. m. m m. m. m. 

+01 +0-1 0-0 4 01 +0.2 4-0*3 

Difference 4-0*1 +0-1 —0*1 —0*1 —0*2 —0*3 

The differences do not, however, remain constant, even approximalely. 
The present comparison indicates larger errors for values of A greater 
than 75° than the Zagreb tables acluiit. 

It thus appears that the moment is not yet come to sugji:cst corrections 
to the tables wliicli are likely to meet with general accepliince. It seems 
better retain the old tables until a much greater mass of matciial lia.s 
been discussed, and the old tables will accordingly be used f*»v the com- 
parisons made at Shide at any rate for the observations of Jblj. Tlie 
discussion of some 100 earthquakes shouhl provide correct ioi's apj^roxi- 
mating to definitive ones. Meanwhile, the best available corrections 
to the tables from the material above discussed, incorporating tlie iii- 
formation derived from the next .section, are given at the end of the next 
section. 

IX . — Discussion in Azimuth, 

If the receiving stations are arranged in azimuth (A) round the epi- 
centre, then 

(a) Assuming the velocity of transmission constant in all azimuths, 
any error (8) of position of the epicentre will give rise to an error 

tJos (A — Ao) 

in the observed tiijcies'aStbe stiations : where Ao is the azimuth in which 
the epicentre is erroneously displaced ; A is the azimuth of the receiving 
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station ; e is the effect of the displacement (8) on P or S, as the case may 
be, at the distance of the receiving station ; and c is a constant depending 
on the position of Pulkovo, or other station from which the epicentre is 
determined. 

(b) If the velocity of transmission varies with the azimuth, then, if the 
velocity in azimuth A is not the same as in azimuth A + 180*^, there will 
be a first-order harmonic which will be mixed up with that just written, 
due to the error in position of epicentre ; and it may be difficult to separate 
the two. If, however, the velocity is the same for A and A -f 180®, then 
we may look for a second-order harmonic to represent the variation. It 
will be seen from what follows that there are no trustworthy indications 
of such terms from the material now discussed. The material is insufficient 
to pronounce definitely against the existence of such terms, especially 
with small coefficients ; but it is apparently sufficient to discredit any 
large term of the kind. For instance, Milne suggested a velocity N. 
and S. sensibly less, in the case of the large waves, from the velocity 
E. and W. (Eighteenth Eeport, § v). No such difference can be detected 
in the velocities for P and S. 

AVc will first give in some detail the results for a single earthquake, 
that of 1913, January 11, adopted epicentre 6® N., 117° E. The residuals 
for P, when corrected for distance from epicentre as in Section IV., and 
arranged in azimuth measured from the N. point round the epicentre in 
the direction N., E., S., W., are as shown in Table VIII. 

AVe sec at a glance the better distribution of the Milne pendulums ; 
most of the modern pendulums are in Europe and appear in the same 
azimuth-class 300° — 330°. AVere it not for the Milne instruments we 
should have very scanty material for an azimuth discussion ; and yet 
this is one of the most favourable cases. The inferiority of the Milne 
instrument suggests giving a smaller weight to its records, but it will be 
seen that we should gain very little thereby. Taking the simple means 
as in the last colunn^ and filling in vacant terms by simple interpolation 
(in brackets), we can make a very rough harmonic analysis, obtaining 

-1-6 + 7-5 cos (A-330°) + 2-7 cos 2 (A ~ 70°). 

Treating the S observations in the same way, we get Table IX. 

I’he material for discussion in azimuth is even more scanty and un- 
certain than before ; but, analysing it for what it is worth, we get 

- 1-2 + 8-0 cos (A - 332^) + 4-7 cos 2 (A - 177°). 

Now, considering the nature of tho material and of the process used, 
it is somewhat remarkable that the results from P and S should accord 
so well in indicating a correction to the epicentre. The direction is in 
azimuth 331° say, and as the azimuth of Pulkovo is 330°, it is pretty 
clear that the estimated A for Pulkovo is in error, owing doubtless to 
the errors of the tables. The amount of displacement is not so easy to 
assess. In the above simple process we have treated all stations, at 
whatever distaneb from the epicentre, alike. A displacement of the 
epicentre of 1° will, however, alter the times of arrival of P by 16 s. near 
the epicentre, by 5 J s. at 90°, and by less still at greater distances. Never- 
theless, on calculating the alterations for the actual distances, the mean 

1914. F 



Table VIII. 

Difttribution of errors of P in azimuth round epicentre , 1913, January 11. 
(The unit is 0*1 m. or 6 secs.) 
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Table IX. 

DistribxUxon of errors of S in azimuth round epicentre^ 1913, Jamiary 11. 
(The unit is 0*1 m. or 6 secs.) 

(a) Instruments other than Milne, 
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for the different groups im found to be nearly., constant at about 8 s. 
Since the coefficient (8 units of 0*1 m.) means 48 s., wc may take it that 
the epicentre is about 6” wrong. As regards direction, note that the 
observed times for receiving stations on the side of the epicentre remote 
from Pulkovo are too small ; so that the epicentre must be moved nearer 
to them and further from Pulkovo. The observed S-P at Pulkovo, viz. 
10 m. 24 s., does not correspond (as indicated by the present tables) to an 
epicentral distance of 83®*6, but to a distance of Sir-O. 

Turning to S, we find the average value of 1® to bo about 13 s. The 
first harmonic of 8 thus indicates a displacement of 48®/13 or 3®-7. Wc 
may regard this as a satisfactory confirmation of the magnitude of the 
error, which may be put at about B®. 

The second harmonics in both cases are small, and the phases are 
quite discordant. We may fairly say that there is no evidence of a varia- 
tion in velocit)' of an elliptic type. 

As regards other earthquakes analysed for azimutli the following 
notes will suffice ; — 

1913, March 14. Epicentre 11° N., 1 2.3° JS.. distant 82° from Pulkovo 

Of nearly same type as that of 1913, January 11, but distribution of 
stations not so good. The numbers in tliie 30® divisions for P arc 

1100121114333 

and tlie harmonic expression is (in units of 0*1 m.) 

+ 0-2 + 5 0 cos (A - 302°) + 4 0 cos 2 (A - 30°). 

For S the number of stations are 

1 ] 0 0 0 6 0 0 0 2 24 3 

and the harmonic expression is 

-7*8 + U-5 cos (A -345°) -4®2 cos 2 (A -~7°). 

In spite of the broken nature of the series, the indication of 
an error of about 4° or 6° in A is tolerably plain. The aziinutli 
of Pulkovo is 330°, and the magnitudes of the displacement assigned 
by the P observations may be put at SOVS = 3°'8. 

,, S „ „ „ 87713 = 6°-7. 

There is some indication of a second order term, but it cannot bo 

regarded very seriously. 

1913, March 23. Epicentre 26° N., 143° distant from Pulkovo, 

The only available observations between azimuths 0° and 210° are 
two Milne observations of P and one Milne of S. There seems no 
advantage in making even a rough estimate. 

1913, April 30. Epicentre 50° 176° distant 67° from Pulkovo, 

Number of observations in the separate groups 

forP 4 2 0 0 1 0 0 0 3 1 3 14 

forS 4 3 1 0 0 1 0 0 1 2 1 10 
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Harmonic expressions 

fromP +21+ 2-7 cos (A -207®) + 3*6 cos 2 (A- 73®) 
from S + 0-6 + 11*0 cos (A - 235®) + 2-6 cos 2 (A - 160®) 

Azimuth of Pulkovo being 342®, the mean direction of displacement 
(azimuth 220® say) is nearly at right angles to the direction oi Pulkovo, 
and cannot be wholly explained by an error of tables. The small com- 
ponent in the line joining epicentre to Pulkovo is in the opposite direction 
to that previously noted. 

1913, June 14. Epicentre 43® iV., 26® distant 17® /mn Pulkovo. 

There are unfortunately no observations of S from azimuth 90® to 
270®, so that we cannot make any analysis. The mean results for the 
other azimuths *are 

Azimuth 270®— 300®— 330®— 0®-~30®-~60®— 90® 

Mean +1 — 4 — 2 — 4 +40 

No observations 4 4 11 2 2 1 

which suggest a displacement in the opposite direction to that of January 1 1 
and March 14, and in the same direction as the component of April 30. 
The numbers for P are 

I t 12001043 11 2 
and the harmonic expression is 

+ 2-1 + 2*8 cos {d - 165®) + 1-6 cos 2 {0 - 111®) 

The azimuth of Pulkovo being 7®, the small displacement indicated is 
nearly radial and in the opposite direction to those of January 11 and 
March 14. 

Ilencc, so far as this evidence goes, the error of S-P is about 30 s. at 
85®, diminishes at lesser distances, and changes to a small negative value. 
Tlie corrections needed by the Galitzin tables w^ould seem to be approxi- 
mately as follows : — 

A = 15® 25® 35® 15® 55® 65® 75® 85® 95® 105® 

CWrectiun P == % 0 0 0 0 -3 -8-15-24 

Correction S ==+5 0 -4 -8 -11 -14 -17 -24 -35 -50 

Correction (S-P) ==+5 0 -4 -8 -11 -13 -14 -16 -20 -26 

Correction A =-5 0 -4-6 +13 -f 18 +24 +28 +31 +42 +52 

the correction to A being expressed in units of 0®’l. 


Invcslujation of the Upper Atmosphere. — Thirteenth Report of 
the Committee, consisting of Dr. W. N. Shaav (Chairman), 
Afr. E. Gold (Secretary), Messrs. C. J. P. Cave and W. H. 
Dinks, Dr. 11. T. Glazkbrook, Sir J. Larmor, Professor 
J. E. Pktavkl, Dr. A. Schuster, and Dr. W. Watson. 

A MEETING of the Joint Committee was held in the rooms of the Royal 
Meteorological Society on May 6, 1914. It was decided to allocate flie 
grant from the British Association towards the expense of investigations 
with pilot balloons over the ocean to be inidertahen by the Secretary 
on the journey to Australia, via the Cape of Good Hope. An 
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additional grant was made from the^funds of the Royal Meteorological 
Society to enable simultaneous observations to be made by Dr. W. 
Rosenhain, of the National Physical Laboratory » on the journey via 
tlie Sues Canal. A report on the observations is in preparation and 
will be published in due course. 

The report by Mr. G. I.-; Taylor on the observations which he made 
on board the Scotia in 1913, referred to in the Committee's report last 
year, has been published in the official account of the results of the 
Scotia Expedition, issued by tlie Board of Trade. The results which 
Mr. Taylor obtained throw much light on the formation of fog and 
on the propagation of lieat through the atmosphere by means of eddies. 
He found generally that thick fogs were associated with a large increase 
in the temperature of the air in a vertical direction, wliile light fogs 
occurred when the increase was small. 

The Committee records with regret the death during the year of 
Mr. Douglas Archibald, who was one of the earliest investigators of 
the upper air by means of kites, and had served on the Committee 
since its appointment at Glasgow in 1901. 

The Committee asks for reappointment, with a grant of 25f. 


Radiotelegraphic Investigations. — Interim Report of the Com- 
mittee ^ consisting of Sir Oliver Lodge (Chairman), Dr. W. H. 
Eccles (Secretary), Mr. Sidney G. Brown, Dr. C. Chreb, 
Professor A. S. Eddington, Dr. Erskine-Murray, Professors 
J. A. Fleming, G. W. O. Howe, and H. M. Macdonald, 
Sir H. Norman, Captain H. R. Sankey, Professor A. 
Schuster, Dr. W. N. Shaw, and Professor S. P. Thompson. 

The past year has been occupied mainly by the designing, printing, 
and distribution of books of forms for recording observations, by the 
enrolment of observers, and by the preliminary work in connection with 
the observations to be made during the forthcoming solar eclipse. 

I. Collection of Ordinary Daily Statistics. 

We have obtained the cordial support of many Government Depart- 
ments of the British Empire and of other countries. In the British 
Empire the Navy lias taken forms sufficient to distribute to about 
120 ships. The Post Office has sent forms^ to nine stations. The 
Government of Canada have undertaken to get statistics from four 
stations on the Pacific Coast. The South African Government have 
authorised the collection of statistics at Cape Town and Durban. The 
Australian Government have brought eight stations into the scheme, and 
the New Zealand Government and the Indian Goyemment each several 
stations. The Colonial Office has kindly circularised other of the 
Colonies, and of these the following have already replied favourably, and 
haxp had supplies of forms despatched to them : — 

Falklaiid laLmds. Zuizibar. firituih Guiana, 

Bahamas Somaliland. Jamaica. 

Trinidad. Fiji. Sierra Leone. 

Ceylon. Qdki Coast. 
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Government of Norway have agreed to have statistics collected 
at four stations; the United States Government at five; in Germany 
the Telegraphs Versuchsamt is xhaking observations at Berlin, and 
there are some Bussian Government stations likely to co-operate. 

The following Companies are taking a prominent part in the collec- 
tion of statistics : The Marconi International Marine Communication 
Company, Ltd., have already twenty-three ships at work; the Marconi 
Company of Canada have thirteen stations at work on the East Coast of 
Canada, in Newfoundland and on the Great Lakes; the American Mar- 
coni Company have put fifteen land stations (between Alaska and the 
fiulf of Mexico) to work, and several ships; the Federal Wireless Tele- 
graph Company of America have started observations at their San 
Francisco station ; the Gesellschaft fiir drahtlose Telegraphic will put a 
considerable number of stations to work as soon as forms have been 
translated, and they have the intention of establishing a small prize 
scheme amongst their operators for the best series of observations. At 
the Slough station the Anglo-French Wireless Company started obser- 
vations which will be continued by the Galletti Company ; while the 
English Marconi Company are doing the like at Chelmsford. 

With regard to Eussia, the language difficulty was likely to prove 
formidable, but the Editor of the Russian ‘ Journal of Wireless Tele- 
graphy ' has arranged fhat the forms he translated into Russian and 
that the collection of statistics be urged upon readers of his Journal. 
The Soci^t^ Russe de T^l^graphes et T616phones sans Fil have agreed 
that the forms, when translated, shall be used at a number of the 
stations under th^’lsontrol of the Company in Russia.. 

Among private experimenters of note we have obtained the support 
of several gentlemen abroad, who will doubtless have to be mentioned! 
in subsequent reports. There are also a number of Professors in the 
British Isles and in the Colonies helping, and about sixty-one amateurs. 
Of these there are thirty-six in England, two in Scotland, six in Ireland, 
and one in Wales. 

A considerable number of completed forms have already come to 
hand and a start has been made on the analysis. 

11. Observations to he made during the Eclipse of August 21, 1914. 

The central line of the eclipse passes across Norway, Sweden, the 
Baltic, Central Russia, the Black Sea, and Persia, to the coast of India. 
Accordingly, the Governments of Norvvay, Sweden, Russia, and India 
have been approached. The Norwegian Government have generously 
placed practically all their stations at the disposal of the Committee ; 
the Swedish Government have agreed that the observations they wish to 
make on their own behalf shall be made in accord with the programme 
of the Committee, to whom copies will be supplied ; and the Russian 
Government will set a number of stations to work, but the number and 
position of these have not yet been settled. The Soci6t6 Russe will place 
their high-power station at St. Petersburg at the disposal of the Com- 
mittee, and the Gesellschaft fur drahtlose Telegraphie is also willing 
to allow two or three large stations to come into the scheme. This 
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Company will enact tliat observations on the day of the eclipse sliall be 
compulsory in many of its stations in the Baltic and in Germany. The 
Indian Goveimment have agreed to help also. In Western Europe the 
transmission of special signals is not of such great importance as in 
the districts nearer the central line of the eclipse, but some observa- 
tions ought to be instituted on signals in that part of the world. The 
Marconi Compemy have kindly expressed their willingness to aid the 
Committee by transmitting from certain high-power stations a few 
special signals, if desired, at times to be arranged by the Committee. 

Many private observers in diffei'ent parts of the world have signified 
their willingness to make a special effort on the day of the eclipse. It 
has l)een explained to the authorities in the United States, Canada. 
Australia, Soutli Africa, and New Zealand, that although there is not 
much likelihood of the effects of the eclipse being [lerndvKl in their 
territories, yet they will he. advised of the programme of tlic Com- 
mittee, in order that they may, if they will, determine precisely wheilun* 
there is, or is not, any effect. Since it seemed important to enhst l)u‘ 
sympathies of as large a number as jx)ssihle of skilknl observers on llu* 
Eastern l)oun(l.\ries of Germany, Austria, and TTungary, the Editor of 
tlie ‘ JalirbiK-h filr dralitlose Telei^raphie * was asked, an»l has agreed, 
io sf-rk German-speaking observers, conduct all preliminary rr»rrt‘- 
spondenee with them, translate forms and gel- them printcnl and dis- 
tributed, and to colleet the forms. It has rocenlly IxMjn arranged that a 
large proportion of tliis w’oik may bo shared with tlio Internal ion.il 
Commission of Brussels. 

In addition to all iliis wadcomo nssislnnce, wo “are espeeially glad 
to report that the Board of the Admiralty liave agreed to co-operate on 
an extensive scale. 


The helireeu Ihifi Commitlee and Ihc 1 nUrnalional 

Commission of Briissels. 

As a member of the Brilisli Section of the International Commission, 
the Secretary was made a delegate to the recent Conference in Brussels, 
and there suggested tliat it might bo to the advantage of both organisa- 
tions, especially when requesting assistance from Government Depart- 
ments or Companies, or evim private experimenters, that a public 
announcement should l)e made showing that the aims of the two bodies 
are different, that there is room for both, tliat there is little danger of 
any Government or Company or private experimenter being asked to 
do the same thing twice, or to favour one to the detriment of the other; 
and that if on any occasion there were overlapping, then the two 
organisations slionld endeavour to co-operate. The International 
Commission therefore drew up and passed the following resolution : — 

‘La Commission Internationale de T.S.P.S., ayant pfis connais- 
sance du but dos travanx du “ Comniiftee for Radio-telegraph ic Investi- 
gation of the British Association,*’ estime que les travaux des deux 
organisations onfc des objets diff^rerits. 

‘ La Commission Internationale dc T.S.P.S. sc propose, en effet, de 
fairs des recheyches qui portent principalemsnt sur les mesures quantita- 
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tives sfj ruppoitanl i l*6mis8U)n, b, la propagation et i la reception 
ondes 61r'ctriques. 

* Ij* A ssociation Britannique a ddcid^, de son c6W, de recueillir, de 
classer et de commenter les rdsultats des observations susceptibles de 
faire ressortir lee relations entre les phinomfenes gdophysiques et la 
propagation des ondes ^lectriques. II entre ^galement dans ses vues de 
dresser la statistique et de faire TAtiide des ph^nomines anormaux et des 
perturbations atmosphiriques. 

* En consequence, si les champs d’activitA des deux organisations 
viennent 4 avoir des points coinmuns, la Commission Internationale de 
T.S.P.S. engage ses adherents h prater 6ventiiellement le concours le 
plus complet 4 la “ British Association. ' 

At a meeting of the British Association Committee on Ma}^ 8, 1014, 
the following resolution was adopted: — 

‘ That the Badiotelegraphjc Inve.sUgation Committee of the British 
Association for the Advancement of Science take cognisance of the 
resolution adopted by the Commission Internationale de Teli*gi\nphie sans 
V\h Scieniifique at the recent conference in Brussels, and desire to 
aflirm that they find themselves in. full accord with the definitions, as 
expressed in ihc resolution, of the differences between the aims and 
inethcKls of the researches promoted by the two organisations ; while, 
in regard to those researches in which the two bcxlics both take an 
active, interest, this Committee warmly w^elcome and value highly the 
offer of co-operation, and gladly undertake to give all assistance in 
their powder.* 

The Committee has expended up to the present in office expenses, 
printing, and distribution of forms, the sum of 144Z. 

FNotk. — T lio following communication was circulated to Members of the Com- 
mittee by the Secretary on behalf of the Chairman in December, 1914 : — 

The wiir 1ms naturally bad a very direct effect on radiotelegraphic investi- 
gations. About August 1 last, private wireless telegraph stations throughout 
the Empire were nearly all dismantled or taken possession of by military authori- 
ties, while naval and other Government stations stopped all merely scientific 
ob.scrving. The radiotelegraphic stations in Russia, Germany, and neighbouring 
countries doubtless discontinued the filling up of our forms as soon as inobilisa- 
tioii began. A few stations in India, Australia, Canada, the West Indies, and 
the United States are, however, still at work. In the last-named country about 
thirty stations are making observations. 

The Committee's programme for the collection of statistics three days a week 
in all parts of the English-speaking world and in a few other countries was 
planned to embrace one complete round of the seasons. The fact that the pro- 
gramme has been interrupted after only three months of really full work 
diminishes greatly the scientific value of such statistics ns have been collected. 
It also implies considerable financial loss. A large batch of forms was distri- 
buted to our Navy in July : in clearing for action these forms would probably 
bo wasted. The German edition was distributed in Juno. The Russian edition 
also was probably distributed before the outbreak of war. 

*' The extensive scheme of special observations projected for the occasion of 
the solar eclipse failed almost completely in the ^untries in which the eclip» 
was visible. A small amount of work vras done in Norway and Sweden. All 
the necessary forms had been printed, and some had been circulated before the 
war started. The financial loss to the Committee in this respect exceeds a 
hundred pounds. 
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The day-by-diqr Btatisiics collected in the period April to July are how being 
analysed. The oonolusions drawn from Uieso observations will, it may be 
hoped; have some scientific value of their own, and in any cose they should yield 
information v^hicli may guide the Coininitioe> when the time comeS; to further 
attacks on the problems concerned. A similar thought may be set down as 
consolation for the eclipse failure. 

In October last, at a special meeting summoned by the Inspector of Wireless 
Telegraphy at the General Post Office; where it hsippened that tho Committee 
were represented by Dr. Erskine-Murray and the Secretary; the Committee were 
asked to draw up for the Home Office a list of gentlemen distributed over tho 
British Isles who would be willing, if and when called upon; to assist tho 
police by acting as voluntary experts in wireless telegraphy. Tlie police cannot 
in general be Expected to possess sutficieui ieclinical knowledge to discriminate 
between dangerous radioUlcgraphic apparatus and other apparatus. Co-operation 
with the police authorities in each locality by someone possessing technical 
knowledge will help to prevent blunders and moy assist in detccling illicit 
traffia Accordingly gentlemen whoso names appear in the address book of the 
Commit]^ have been written to. «and lists of voluntary experts have been sup- 
plied to the Home Office.] 


Establishing a Solar Observatory in Australia. — Report of ihe 
Committee, consisting of Professor H. H. Turner (Chair- 
man), Dr. W. G. DuFFiEiiD (Secretary), Rov. A. L. Cortir, 
Dr. F. W. Dyson, and Professors A. S. Eddington, H. F. 
Kewall, sT. W. Nicholson, awd A. Schuster, appointed to 
aid the work of Establishing a Solar Observatory in Australia. 

The Committee records with great sorrow the death of its former 
ChaiiTnan Sir David Gill, whose name has always been so prominently 
associated with scientific enterprises connected with the Southern 
Hemisphere. Professor H. H. Turner has been appointed Chairman 
in his place. 

The Secretary has great pleasure in reporting that the following 
letter has been received from the Commonwealth Authorities in re- 
sponse to further representations regarding the desirability of erecting 
a Solar Observatory within the Commonwealth: — 

Commonwealth Offices, 

72 Victoria Street, Westminster, S.W. 

March 10, 1914. 

Dear Dr. Duffield, 

W'ith reference to previous correspondence in regard to the estab- 
lishment of a Solar Observatory in Australia, I desire to inform you 
that I have now received a memorandum from the Commonwealth 
Government advising that in the scheme for the organisation of services 
in connection witli the Seat of Government at Canberra, provision 
has been made for the establishment amongst general astronomical 
studies of a section to be devoted to solar physics in particular. 

Yours sincerely, 

(Signed) R. MuiBiiEAD Collins. 

Dr. Geoffrey Duffield, 

University College, Reading. 

The Committee records its great satisfaction at the promise of the 
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inslituUoQ of Solar Besearch in Auatiralla — an end for which it has 
worked since its appointment at the Dublin Meeting of the Association 
in 1908. The Prime Minister of the Commonwealth has consented 
to receive a deputation of overseas astronomers with regard to the 
nature of tlie solar work which should be undertaken in Australia. 


The Calculation of Mathematical Tables.— Report of the Com- 
mittee, consisting of Professor M. J. M. Hill (Chairman), 
Professor .1. W. Nicholson (Secretary), Mr. J. It. Aibey, 
Professor L. N. G. Filon, Sir George Greenhill, Professor 
E. W. Hobson, Professor Alfred Lodge, Professor 
A. E. H. Love, Professor H. M. Macdonald, and Professor 
A. G. Webster. 

The grant given to the Committee during the past year has been ex- 
pended on the calculation of the Logarithmic Bessel Functions, for which 
it was specially allocated. In the present report are Tables of the functions 
Y(,(a;) and Yi(«), whose significance was explained on page 29 of the last 
report. These proceed from argument x = 0'02 to as = 15*60, at 
intervals of 0 * 02 , and are correct to six significant figures. 

Some further Tables of the functions 6 .( 0 ;) are also included, for 
varying order n of the functions. These are incomplete at present. The 
Committee is proceeding with the further calculation of the functions 

Yal®), Yjfa;), on the same scale as the present Tables of Yo 

and Y,. 

The Committee desires to ask for a further grant of 301. during the 
coming year, .to be allocated to this work. 

Some Tables calculated by Mr. Doodson, of the University of Liverpool, 
are given at the end of the report. They deal with the functions of 
type J„,|(®), where ft is a positive or negative integer. A considerable 
demand for these Tables exists at present. Mr. Doodson is continuing 
this work, and it is suggested that his name be added .to the Committee. 
The previous remiisition that a large number of copies of the report 
(about 100) should be placed in the hands of the Secretary for ^tribution 
is repeated, as the demand for these Tables from physicists is increasing. 

Tables of the Neumann Functions Yo(*) aiul Yi(x) or Bessel Functions of 

the Second Kind. 

The second solution of Bessel’s differential equation 

has been given in several forms — 6 H(a!), Yj(x), K„(a;), &c. Tables 
of Go(*) ftud Gi(a?) for values of x from 0*01 to 16*00 by intervals of 0*01 
were published in the report for 1913. 

Short Tables of the Yo(x) and Yi(x) functions defined by 

Yo(«) = Jo(®) . log.* + (D* - (1 + J) Q / 2 ! > 

+ (i+i+i) (1)731*-. 
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Y,(*) = J,(*) . log^ - Jo(ai)> - 2 + (1 +4) (|)V ‘2> 

-(»+i+i)Q*/213!-|-... 

have been calculated by B. A. Smith for a? = 0*01 to 1-00 and 1*0 to 
10-2 to four places of decimals, and by J. R. Airey for x 0*1 to 16 0 
to seven places. 

The following Tables have been computed from the relation 
¥,.(05) = (log 2 - y) J,(x) - G,(x) 


and verified by the method of differences. 

The interpolation formnloD for other values of the argument are 


Yo(» ± A) = 1^1 - 

A* A® 

2 6* ■ ’ 

. ] Y«(ir)+ [TA + 


+1 





7'abUs of the Neumann Cylinder Functums. 


X 


Yi(-t) 

z 

YoW 

Y+r) 

' 002 

•~3*911532 

-60*044118 

0*76 

-0*099484 

.-1*569515 

004 

-3*217189 

-26*074360 

0*78 

-0*068482 

--1*530927 

006 

-2*809980 

-16*766014 

0*80 

-0 038237 

-] -49370.7 

0-08 

-2*520090 

-12*620908 

082 

-0*008725 

-1 4577.35 

010 

-2*294335 

-10*139907 

084 

+0 020080 

- 1*422912 

012 

-2*109042 

-8*490185 

0*86 

-f0*048199 

-1*389144 

014 

-1*951600 

-7314934 

0-88 

+0 075652 

- 1-3.50346 

016 

-1*814487 

-6*435818 

090 

-f0*102468 

-1*324442 

018 

-1*692861 

-5*753809 

0*92 

+0*128635 

-1*293362 

0-20 

-1*583421 

-5*209517 

0*94 

+0*154198 

-1*263043 

0-22 

-1*483817 

-4*765173 

0*96 

+0*179162 

-1*233429 

0-24 

-1*392318 

-4*395614 

0*98 

+0*203539 

-1*204467 

0-26 

-1*307611 

-4*083430 

1*00 

+0-227344 

-1*170110 

0-28 

-1*228681 

-3*816195 

1*02 

+0-250588 

-1*148315 

0'50 

-1*154725 

-3*584806 

1*04 

+0*273280 

-1*121042 

032 

-1-085096 

-3-382440 

1*06 

+0-295433 

’ -1*094266 

034 

-1*019269 

-3*203886 

1*08 

+0*317054 

-1*067922 

0-36 

- 0 956809 

-3*045093 

1*10 

+0*338152 

: -1*042011 

0-38 

-0-897355 

-2*902869 

1*12 

+0*358737 

1 -1*016496 

0-40 

-0*840601 

-2*774662 

1*14 

+0*378815 

-0*991350 

042 

-0*786288 

-2*858408 

1*16 

+0*398393 

-0*966551 

044 

-0*734196 

-2*552423 

1*18 

+0*417479 

-0*942079 

0-46 

-0*684132 

; -2*455317 

1*20 

+0*436078 

-0*917912 

0-48 

-0*635932 

; -2*365931 

1*22 

+0*454197 

-0*894033 

0-50 

-0*589450 

= -2*283297 

1*24 

+0*471841 

-0*870426 

0*52 ; 

-0*544561 

‘ -2*206594 

1*26 

+0*489016 

-0*847070 

0*54 

-0*501162 

! -2*136127 

1*28 

+0*605726 

-0*823970 

0*56/ i 

-0*469125 

-2*068299 

1*30 

+0*521976 

-0*801094 

0*58 i 

-0*418392 

. -2*005598 

1*32 

+0*637771 

-0*778438 

0*60 ! 

-0*378876 

-1*946680 

1*34 

+0*563115 

-0*755991 

0*62 f 

-0*340507 

-1*890861 

1*36 

+0*568012 

-0*733743 1 

0*64 i 

-0*303222 

-1*838105 

1*38 

+0*582466 

-0*711687 ! 

0-66 : 

-0*266965 1 

-1*788017 

1*40 

+0*596481 

-0*689814 : 

0*68 

-0*231685 

-1*740338 

142 

+0*610060 

-0*668116 ; 

0-70 * 

-0*197337 1 

-1*694840 

1*44 

+0*623207 

-0*646589 ' 

0-72 1 

-0*1638781] I 

1 -1*661320 

1*46 

+0*636925 

-0*625226 

0-74 ! 

-0*131272 

-1*609599 

1*48 

+0*648217 

-0*604021 1 
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/feumann Cylvndtr continnetl. 


to 

Y(.(*) 

Vila-) 

1-60 

•fO-660086 

-0-582971 

152 

+0-671537 

-0-562070 

1G4 

+0-682570 

-0-541317 

1-6G 

>f-0«693190 

-0-620706 

J-58 

+0'703.I09 

-0-500237 

160 

+0-713200 

-0-479905 

102 

+0-722i59« 

-0-459710 

1-64 

+0-731690 

-0-439650 

lf)G 

+0-740183 

-0-41972.? 

108 

-iO-748380 

-0-399929 I 

170 

+0-756181 

-0-380266 ! 

1-72 

+0-763591 

-0-360734 1 

1-74 

+ 0-770612 

-0-341333 I 

1-70 

-10-777246 

-0-322063 ! 

1-78 

+0-783495 

-0-302924 i 

1-80 

+0-789363 

-0-283916 i 

1-82 

+0-794853 

-0-265040 j 

1-84 

+0-799966 

-0-246297 ! 

1-80 

+0-804705 

-0-227687 i 

1-88 

+0-809074 

-0-209212 : 

1*90 

+0-813075 

-0190874 ; 

1-92 

+0-816710 

-0-172672 1 

1-94 

+0-819982 

-0-154608 i 

1-90 

+0-822895 

-0-136685 ! 

198 

+0-826461 

-0-118904 

200 

+0-827652 

-0-101266 1 

202 

+0-829602 

-0-083773 

204 

+0-831004 

-0-066427 

200 

+0-832161 

-0-049231 1 

208 : 

+0-832974 

; -0-032186 1* 

210 : 

+0-833449 

: -0-015294 ! 

212 1 

+0-833587 

; +0-001443 

214 ■ 

+0-833392 . 

1 +0-018022 ; 

210 ! 

+0-832867 

1 +0-034441 1 

218 ! 

+0-832016 

+0-050698 ! 

2-20 ; 

+0-830841 

1 +0-066791 1 

2-22 1 

+0-829345 

i +0-082717 1. 

2-24 1 

+0-827533 

! +0-098473 i 

2-20 

+0-825407 

i +0-114058 ! 

2-28 i 

+0-822972 

i +0-129470 • 

2-30 i 

+0-820230 

i +0-144705 ’ 

2-32 1 

1 +0-817185 

1 +0-159762 i 

2-34 i 

+0-813841 

! +0-174637 : 

2-30 1 

1 +0-810201 

; +0-189329 

2*38 ] 

1 +0-806269 

! +0-203836 , 

2-40 

1 +0-802048 

1 +0-218154 : 

2-42 

+0-797544 

i +0-232281 ; 

2-44 

+0-792758 

+0-24621,5 i 

2-46 

+0-787696 

+0-259954 

2-48 

+0-782362 

+0-273495 

2-50 

+0-776758 

+0-286837 : 

2-52 

+0-770889 

+0-299976 1 

2-54 

+0-764760 

+0-312910 : 

; 2-56 

+0-758374 

+0-325637 |i 

2-58 

+0-751736 

+0-338156 ji 

2-60 

+0-744850 

+0-350464 '■ 

2-62 

+0-737719 

+0-362558 i 

2-64 

+0-730340 

+0-374436 : 

2-66 

+0-722743 

+0-396097 , 


X 



2-68 

+0-714906 

+0-397539 

2-70 

+0-706843 

+0-408760 

2-72 

+0-698557 

+0-419757 

2-74 

+0-690054 

+0-430529 

2-76 

+0-681338 

+0-441073 

2-78 

+0-672413 

+0-451389 

2-80 

+0-663284 

+0-461474 

2-82 

+0-653955 

+0-471327 

2-84 

+0-644432 

+0-480947 

2-86 

+0-634719 

+0-490331 

2-88 

+0-624821 

+0-499477 

2-90 

+0-614742 

+0-508385 

2-92 

+0-604487 

+0-517054 

2-94 

+0-594061 

+0-525482 

2-96 

+0-583469 

+0-533667 

2-98 

+0-572716 

+0-541608 

3-00 

+0-561806 

+0-549305 

3-02 

+0-550745 

+0-556756 

3-04 

+0-539538 

+0-563960 

306 

+0-528189 

+0-570917 

3-08 

+0-516703 

+0-577625 

3-10 

+0-505085 

+0-584083 

3-12 

+0-493341 

+0-590291 

3-14 

+0-481475 

+0-596249 

3-16 

+0-469493 

+0-601955 

3-18 

+0-457399 

+0-607408 

3-20 

+0-445198 

+0-612620 

3-22 

+0-432896 

+0-617559 

3-24 

+0-420498 

+0-622254 

3-26 

+0-408008 

i +0*626696 

3-28 

+0-395431 

+0-630885 

3-30 

+0-382774 

+0-634820 

3-32 

+0-370040 

+0-638501 

3-34 

+0-357236 

+0-641929 

3-36 

+0-344365 

1 +0-645103 

3-38 

+0-331433 

+0-648024 

3-40 

+0-318446 

1 +0-650691 

3-42 

, +0-305107 

+0-653106 

3-44 

: +0-292323 

+0*655269 

3-46 

+0-279198 

+0-657180 

3-48 

+0-266038 

< +0-658840 

3-50 

, +0-252846 

+0-660249 

3-52 

+0-239629 

+0-661408 

3-54 

j +0-226392 

+0-662318 

3-56 

+0-213138 

+0-662980 

3-58 

+0-199874 

' +0-663395 

360 

+0-186604 

, +0-663564 

3-62 

+0-173333 

+0-663487 

3-64 

+0-160066 

, +0-663166 

3-66 

. +0-146808 

i +0-662602 

3-68 

' +0-133564 

: +0-661797 

3-70 

1 +0-120338 

1 +0-660752 

3-72 

i +0-107135 

: +0-659468 

3-74 

i +0-093961 

1 +0-657947 

3-76 

1 +0-080819 

j +0-656190 

3-78 

! +0-067715 

1 +0-654199 

3-80 

+0-054653 

1 +0-651976 

3-82 

+0-041637 

+0-649523 

3-84 

i +0-028673 

J +0-646841 
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^ Neumann Cylinier continued. 


X 

Yo (») 

y.w 

X 

1 y..w 

Y.W 

3*86 

+ 0*016765 

+ 0*643933 

5*04 

- 0*612643 

+ 0*172467 

3-88 

+ 0-002917 

+ 0*640800 

6*06 

: - 0*616883 

+ 0*161621 

3-90 

-0009866 

+ 0-637444 

6-08 

1 - 0-610004 

+ 0-160566 

3-92 

- 0*022679 

+ 0*633868 

6*10 

< - 0*621905 

f + 0-139677 

3-94 

- 0*036219 

+ 0-630073 ! 

6-12 

j - 0*624687 

+ 0*128587 

3-90 

- 0*047781 

+ 0*626063 

5*14 

! - 0*627048 

+ 0*117690 

3-98 

- 0*060260 

+ 0*621839 

516 

: - 0*529290 

+ 0*106691 

400 

- 0*072653 

+ 0*617404 { 

5*18 

, - 0*631312 

+ 0-095594 

402 

- 0*084965 

+ 0*612760 » 

5*20 

j - 0*533114 

+ 0*084602 

404 

- 0*097162 

+ 0*607909 i 

5*22 

- 0*534696 

+0073619 

4-06 

- 0*109270 

+ 0*602855 ; 

5*24 

- 0*636059 

+ 0*062650 

4.08 

- 0*121276 

+ 0*597600 5 

6*26 

- 0-537202 

+ 0*061700 

4.10 

- 0*133172 

+ 0*592146 

6*28 

1 - 0*538127 

+ 0*040771 

4*12 

- 0*144959 

+ 0*586497 1 

5*30 

: - 0-638833 

+ 0*029867 

414 

- 0*156631 

+ 0*580656 ' 

6*32 

1 - 0-639322 

+ 0*018994 

4-16 

- 0*168184 

+ 0*574623 

5*34 

- 0*539593 

+ 0*008154 

418 

- 0*179616 

+ 0*568403 

5*36 

- 0*539648 

- 0*002650 i 

4-20 

- 0*190919 

+ 0-562000 ' 

5*38 

- 0*539488 

- 0*013412 

4-22 

- 0*202093 

+ 0-565415 1 

5*40 

- 0*639112 

-0024128 

4-24 

- 0*213134 

+ 0*648652 j 

642 

- 0*538623 

- 0*034796 

4-26 

- 0*224038 

+ 0*641716 : 

6*44 

- 0*537721 

-0 046411 

4-28 

- 0*234802 

+ 0-534605 i 

5*46 

- 0*636707 

- 0-056970 

4-30 

- 0*246422 

+ 0-627327 ! 

5*48 

- 0-636482 

- 0*066468 

4-32 

- 0*255894 

+ 0*519884 1 

5*50 

- 0*534048 

- 0*076903 

4-34 

- 0*266216 

+ 0*612279 i 

5*52 

- 0*632406 

- 0*087270 

4-36 

- 0*276384 

+ 0*604516 { 

6*54 

■ - 0-630668 

- 0*097566 

4-38 

- 0*286395 

+ 0*496596 I 

6-56 

1 - 0*628504 

- 0*107786 

4-40 

- 0*296247 

+ 0-488626 ! 

6*68 

1 - 0-626247 

- 0*117929 

442 

- 0*305936 

+0480306 < 

6*60 

1 - 0*523788 

- 0*127990 

' 4-44 

- 0*315458 

+ 0*471943 j 

! 5*62 

i - 0*521128 

- 0*137965 

1 4-46 

- 0*324812 

+ 0*463438 } 

i 6*64 

1 - 0*618270 ! 

! - 0*147852 

4*48 

- 0*333995 

1 + 0*464796 : 

I 6*66 

1 - 0*615216 ! 

1 - 0*157646 

4-50 

1 - 0*343003 

+0446018 

! 6*68 

[ - 0*611964 j 

j - 0*167346 

4-52 

- 0*351834 

+ 0*437112 

i 6*70 

i - 0*508521 i 

1 - 0*176946 

4-54 

- 0*360487 

+ 0*428078 

S 5*72 

j - 0*504887 

1 - 0*186443 

4-56 

- 0*368967 

+ 0*418921 

t 6*74 

i - 0*501064 

1 - 0*195830 

4-58 

- 0*377243 

+ 0*409646 

; 6*76 

i - 0*497055 

: - 0*205120 

4-60 

- 0*385342 

+ 0 * 400266 > 

; 5*78 

i - 0*492861 

- 0*214293 

4*62 

- 0*393252 

+ 0*390763 

5*80 

1 - 0*488484 

■ - 0*223360 

i 4-64 

- 0*400971 1 

+ 0*381144 > 

! 6*82 

! - 0*483927 

- 0*232290 

4*66 

- 0*408497 

+ 0*371430 

6*84 

1 - 0*479194 

- 0*241110 

4*68 

- 0*415828 

+ 0*361617 

6*86 

1 - 0*474284 

- 0*249806 

4*70 

-0 422961 

+ 0*361708 : 

6*88 

' - 0*469202 

- 0 * 268.375 

4*72 

-0 429895 

+ 0*341706 : 

6*90 

- 0*463949 

- 0*266815 

4-74 

- 0*436629 

+ 0*331617 

6*92 

, - 0*458529 

- 0*275123 

4*76 

- 0*443160 

+ 0*321444 

6*94 

- 0*462945 

- 0*283297 

4*78 

- 0*449486 

+ 0*311191 

5*96 

- 0*447199 

- 0*291333 

4-80 I 

- 0*466607 

+ 0*300862 

5*98 

- 0*441293 

- 0*299229 

4*82 1 

- 0*461620 

+ 0*290461 

0*00 

; - 0*435231 

- 0*306982 

4*84 ! 

- 0*467226 

+ 0*279992 

6*02 

i - 0*429016 

- 0*314590 

4*86 

-0472719 

+ 0*269469 

6*04 

i - 0*422648 1 

- 0*322061 

4*88 

- 0*478003 i 

+ 0*268867 

6*06 

; - 0*416134 

- 0*329363 

4*90 

- 0*483074 

+ 0*248219 

6*08 

- 0*409474 

- 0*336522 

4*92 

- 0*487931 

+ 0*237619 

6*10 

- 0*402674 

- 0*343627 

4*94 

- 0*492674 

+ 0*226772 

6*12 

1 - 0*396736 

- 0*350376 

4*96 

- 0*497002 

+ 0 * 216981 , 

6*14 

! - 0*388660 

- 0*357066 

4*98 

- 0*601213 

I + 0*205161 ; 

6*16 

1 - 0*381468 

- 0*363696 

6*00 

- 0*606208 

+ 0*194286 

6*18 

1 - 0*374117 

- 0*369961 

6*02 

-0608984 

+ 0*183390 

6*20 

;* -Q 366656 

-- 0*376164 
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Neumam Cylinder continued. 


eo 

Yo(») 

Yi(*) 

(0 


Y,(*) 

6-22 

-0-359072 

-0-382201 ! 

7-40 

+0*174739 

-0-416299 

6-24 

-0-3S1368 

-0-388069 i 

7-42 

+0 183019 

-0-411604 

6‘26 

-0-343650 

-0-393768 1 

1-4^ 

+0-191203 

-0-406760 

6-28 

-0-336619 

-0-399295 ; 

7-46 

+0*199288 

-0-401770 

6-30 

-0-327679 

-0-404649 ! 

7-48 

40-207272 

-0-396635 

6-32 

-0-310434 

-0-409828 ; 

7-60 

+0-216163 

-0-391359 

6-34 

-0-311187 

-0-414832 1 

7-52 

+0-222926 

-0-385943 

6-36 

-0-302842 

-0-419667 i 

7-54 

+0-230689 

-0-380390 

6-38 

-0-294402 

-0-424305 ' 

7-66 

+0-238140 

-0-374702 

6-40 

-0-288871 

-0-428773 i 

7-58 

+0-246677 

-0-368882 

G-42 

-0-277263 

-0-433060 

7-60 

+0-252895 

-0-362933 

6-44 

-0-268550 

-0-437166 . 

7-62 

+0-260093 

-0-356857 

6-46 

-0-269767 

-0-441086 ' 

7-64 

+0*267168 

-0-350657 

6-48 

-0-260908 

-0-444824 ; 

7-66 

+0-274118 

-0-344335 

6fi0 

-0-241976 

-0-448377 : 

7-68 

+0-280941 

-0-337895 

6*52 

-0-232974 

-0-461743 

7-70 

+0-287633 

-0-331339 

6-54 

-0-223907 

-0-464924 

7-72 

+0-294193 

-0*324670 

6*36 

-0-214778 

-0-467917 

7-74 

+0-300619 

-0-317890 

6'5S 

-0-206692 

-0-460723 

7-76 

+0-306909 

-0-311003 

6-60 

-0 196361 

-0-463340 

7-78 

+0-313059 

-0-304012 

6-62 

-0-187059 

-0-466768 

7-80 

+0-319068 

-0-296919 

6*64 

-0-177721 

-0-468008 ; 

7-82 

+0-324935 

-0-289727 

G-66 

-0-168340 

-0-470068 1 

7-84 

+0*330657 

-0*282440 

668 

-0-158920 

-0-471918 = 

7-86 

+0-336232 

-0-275061 

6-70 

-0 149465 

-0-473589 i 

7-88 

+0-341659 

-0-267593 

6-72 

-0-139978 

-0476069 ; 

7-90 

+0-346935 

-0-260038 

6-74 

-0-130463 

-0-476360 . 

7-92 

+0-352060 

-0-252399 

676 

-0-120926 

-0-477461 ; 

7-94 

+0*357031 

-0-244681 

6-78 

-0-111366 

-0-478372 : 

7-96 

+0-361846 

-0-236886 

6-80 

-0-101791 

-0 479093 ; 

7-98 ' 

+0-366505 

-0-229018 

682 

-0-092203 

-0-479626 : 

8-00 ! 

+0-371007 

-0-221079 

6-84 

-0-082607 

-0-479969 ; 

8-02 i 

j +0-375348 

-0-213073 

6-86 

-0-073006 

-0-480123 

8-04 

1 +0-379529 

-0-205003 

6*88 

-0-063403 

-0-480090 

8-06 

! +0-383548 

-0-196873 

6-90 

-0-053804 

-0-479868 

8-08 

: +0-387404 

-0-188686 

6-92 

-0-044211 

-0-479460 

8-10 

I +0-391095 

-0-180445 

6-94 

-0-034627 

-0-478865 

8-12 

' +0394621 

-0-172152 

6-96 

-0-026057 

-0-478085 

.8-14 

1 +0 397981 

-0-163812 

698 

-0-015504 

-0-477120 

8-16 

. +0-401173 

-0*165429 

700 

-0-006973 

i -0-476972 

8-18 

1 +0-404198 

-0147005 

702 

■fO-003633 

-0-474640 

8-20 

j +0-407053 

-0-138543 

704 

+0013011 

-0-473126 

8-22 

j +0-409739 

-0-130048 

7*06 

+0-022457 

-0-471431 

8-24 

; +0-412255 

-0*121522 

708 

+0-031867 

-0-469567 

8-26 

; +0-414600 

-0-112969 

710 

+0-041238 

-0-467604 

8-28 

: +0-416773 

-0-104392 

712 

+0-050566 

-0-465274 

8-30 

: +0-418775 

-0-005795 

7-14 

+0-059848 

-0-462868 

8-32 

- +0-420605 

-0-087181 

716 

+0-069080 

-0-460288 

8-34 

1 +0-422262 

-0-078663 

7-18 

+0-078268 

-0-467534 

8*36 

1 +0-423747 

-0-069914 

7*20 

+0-087380 

-0-464609 

8-38 

1 +0-425059 

-0*061269 

7-22 

+0-096442 

-0-451514 

8-40 

I +0-426198 

-0-052621 

7-24 

+0-105440 

-0*448250 

8-42 

i +0-427164 

-0-043972 

7*26 

+0-114371 

-0*444820 

8-44 

I +0-427957 

-0-035326 

7*28 

+0-123231 

-0-441225 

8-46 

! +0-428577 

-0*026687 

7-30 

+0-132018 

-0*437467 

8-48 

; +0-429024 

-0-018058 

7-32 

+0*140729 

-0-433548 

8-60 

1 +0*429299 

-0*009442 

7*34 

+0-149358 

-0-429470 

8*52 

; +0*429402 

-0-000843 

736 

+0167907 

-0*425234 

8*54 

+0*429383 

+0*007737 

7*38 

+0*166368 

-*0*420843 

8-56 

: +0*429093 

+0-016293 


BBP0RT8 ON THB STATE OF SCIENCE.— 1914 . 


JVifumann Cjflinder continued. 


-f 0-346908 
+0-341907 


Yo(*) 

1 YiW 

X 

yo(*) 

Yi(*) 

+0-428682 

' +0-024823 

9*76 

1 +0*152558 

+0-380212 

+0-428100 

>i0-033324 

9-78 

! +0*144931 

+0*382406 

4 0-427349 

+0-041792 

9-80 

+0137263 

+0*384445 

+0-426428 

= +0-050223 

0-82 

; +0id29556 

1 +0*386327 

+0-425340 

+0-058615 

984 

; +0*121811 

+0*388063 

+0-424084 

+0066964 

9-86 

' +0*114034 

+0*389622 

+0-422682 

+0-075268 

9-88 

; +0*106227 

+0-301034 

+0-421074 

+0-083524 

9-90 

+0-098.303 

, +0-392288 

+0419321 

+0-091728 

002 

+0-090536 

+ 0-393385 

+0*417405 

+0-099876 

994 

{ i-0<>S26r>9 

+0-394323 

+0-415327 

+0-107966 

9-96 

+0*074764 

+0-395104 

+0-413087 

+0-115996 

998 

+0-066856 

+0-395727 

+0-410687 

+0-123962 , 

1000 

+0058936 

-f 0-3061 93 

+0-408129 

+0-131860 { 

10-02 

+0-051009 

+0-396500 

+0-405413 

-1 0-139689 

10*04 i 

+0*043077 

+0-306650 

+0-402542 

+0-147445 f 

10-06 1 

+0-035144 

+0-396643 

+0-399516 

+0-155126 

10-08 ; 

+0*027213 

+0-396479 

+0-396338 

+0*162728 ' 

10-10 

+0019286 

+0-396158 

+0-393008 

-1 0-170249 ; 

10-12 , 

+0011367 

+0-395681 

+0-389528 

-{0-177686 ; 

10-14 

+0*003460 ' 

+0-395U49 

4 0-385901 

+0*185036 i 

10-16 

-0 004434 

+0-394262 

+0-382127 

+0-192297 ; 

10-18 

-0012310 

+0393320 

+0-378209 

+0-199465 : 

10-20 

-0-020165 

+0392224 

+0-374149 

+0-206539 1 

10-22 

-0-027998 

+0-390975 

+0-360948 

+0-213517 1 

1024 ’ 

-0-035804 

+0-389574 

+0-365609 

+0-220394 i 

10-26 

-0*043580 

+0-388021 

+0-361133 

+0-227169 ; 

10-28 ; 

-0*051323 

+0-386318 

+0-356523 

+0-233840 1 

10-30 i 

-0*059031 

+0-384466 

+0-3i>1781 

+0-240404 i 

10-32 ; 

-0-066701 

+0-382464 


4 0-246858 
4 0*253201 


-0074329 

-0-081912 

-0-089449 


+0-380316 

+0-378020 

+0-376580 


+ 0-331530 

+0-265544 

10-40 

-0-096936 

+0-372996 

+0-326159 

+0-271539 

10-42 

-0*104367 

+0 370269 

+0-320670 

+0-277414 

i 10 44 

-0-111744 

+0-367400 

+0-315064 

i 0-283167 

! 10-46 

-0-119063 

+0-364392 

+0 309344 

H 0-288795 

ij 10-48 

-0-126319 

+0361245 

+0-303513 1 

-i 0-294297 

•I 10-50 

-0-133511 

+0-357961 

+0-297573 

+0-299672 

il 10-52 

-0-140637 

+0-354541 

+0*291527 

-I-0-304917 

ii 10-54 

-0-147692 

+0-360987 

+0*285377 

+0-310030 

li 10-56 

-0*164075 

+0-347302 

+0*279126 

+0-315009 

j! 10-58 

-0*161583 

+0-343486 

+0*272778 

+0-319853 

I; 10 60 

-0*168414 

+0-339541 

+0-266334 

+0-324561 

1: 10-62 

-0*176164 

+0-335469 

+0-259796 

+0-329131 

10 64 

-0*181832 

+0-331271 

+0-253169 

+0*333561 

1 10*66 

-0-188414 

1 H'0-326950 

+0*246465 j 

+0*337850 

! 10-68 

‘ -0-194909 

+0-322508 

+0*239656 

1 +0-341996 

; 10-70 

: -0*201314 

! +0-317947 

+0-23277(> 1 

+0-345999 

; 10-72 

-0-207626 

+0-313268 

+0-226817 , 

+0-349856 

: 10-74 

-0*213844 

; +0-308474 

+0-218783 : 

+0-353507 

10-76 

-0*219964 

+0-303566 

+0-211675 : 

+0-367131 

i'> 10-78 

-a-226085 

+0-298547 

+0*204498 i 

1 +0*360646 

ij 10-80 

: -0-231905 

i +0-293419 

+0 197254 

+0-363811 

‘l 10-82 

-0*237722 

; +0-288186 

+0*189947 i 

' +0*366926 

.1 10-84 

-0*243433 

+0-282846 

+0*182578 ! 

> +0-369890 

Ij 10-80 

~ 0*249036 

+0-277405 

+0*175152 

+0-372701 

|i 10-88 

! -0*254528 

+0*271864 

+0*167671 ! 

+0-375359 

(1 10*90 

; -0*259909 

+0*266226 

+0*160139 , 

+0-377862 

.! 10*92 

; -0*265176 

+0*260491 
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Neumann Cylinder continned. 


X 

Yo(») 

I YiW 

1004 

! ‘-0-270328 

: +0264665 

10-96 

; -0-275362 

-40-248748 

10-08 

! -0-280277 

' +0-242743 

11-00 

-0-285071 

V +0-236653 

11-02 

>^0-289743 

+0-230480 

11-04 

-0-294290 

1 0 224228 

11-06 

-0-298711 

+0-217898 

11-08 

- 0-303005 

+0-211492 

IMG 

-0-307170 

+0-205014 

1M2 

0-31 1205 

[0198467 

11-14 

- 0-315109 

+0-191853 

IMG 

-0-318879 

+0-185175 

1M8 

' -0-322515 

+ 0-178435 

11-20 

-0-326016 

+0-171037 

11-22 

' -0-329380 

+0-164783 

11-24 

-0-332607 

-j-0-157875 

11-26 

0-335695 

+0-150917 < 

11-28 

-0-338643 

+0-143012 i 

11-30 

-0-341451 

: +0-136862 

11-32 

-0-344118 

+0-129771 = 

11-34 

-0-346642 

+0-122640 . 

11-36 

-0-349023 

+0-115473 i 

11-38 

-0-351261 

+0-108274 ' 

11-40 

-0-353354 

+0-101044 : 

11-42 

-0-355302 

+0-093786 i 

11-44 

-0-357105 

+0-086504 

11-46 

-0-358762 

+0-079200 : 

11-48 

-0-360273 

+0-071878 1 

11-50 

-0-361637 

+0-064540 i 

11-52 ; 

-0-362854 

: +0-057189 

11-54 1 

-0-363924 

+0049828 

11 -56 ! 

-0-364847 

4-0-042460 

11-58 

-0-365623 

+0-035088 

11-60 : 

-0-366251 

+0-027715 , 

11-62 i 

-0-366731 

+0-020344 

11-64 : 

-0-367065 

+0-012977 

11-66 i 

-0-367251 

i +0-005617 

11-68 

-0-367289 

-0-001732 . 

11-70 

-0-367181 

! -0-009068 , 

11-72 i 

-0-366927 

! -0-016387 

11-74 : 

-0-366526 

' -0-023688 

11-76 : 

-0-365979 

; -0-030967 , 

11-78 ’ 

-0-365288 

: -0-038221 

11-80 

-0-364451 

! -0045447 

11-82 . 

-0-363470 

j -0-052643 

11-84 

-0-862345 

-0-059807 

11-86 

-0-361078 

-0-066935 

11-88 1 

-0-359668 

-0-074024 

11-90 1 

-0-358117 1 

-0-081071 

11-92 

-0-356426 1 

1 -0-088075 

11-94 i 

-0-354595 1 

1 -0-095032 

11-96 ; 

-0-352625 

-0-101939 . 

11-98 ; 

-0-350517 

1 -0-108795 i 

12-00 i 

-0-348273 

: -0-115596 

12-02 = 

-0-3458.94 

-0 122340 

12-04 1 

-0-343380 

1 -0-129024 

12-06 : 

-0-340733 

! -0-135645 

12-08 1 

-0-337955 

-0-142202 

1210 1 

-0-335046 

-0-148692 


lf(I4 


X 

1 Yofa:) 

1 Y,(») 

12-12 

’ -0-332007 

' -0156112 

12-14 

-0-328841 

-0-161460 

12-16 

-0-325550 

: -0-167733 

12-18 

-0-322133 

-0-173929 

12-20 

- 0-318593 

-0-180046 

12-22 

-0-314932 

-0 186082 

12-24 

-0-311150 

-0-192034 

12-26 

-0-307251 

-0-197899 

12-28 

-0-303235 

-0-203676 

12-30 

-0-299104 

-0209364 

12-32 

-0-294861 

-0-214959 

12-34 

-0-290507 

-0-220460 

12-36 

-0-286043 

-0-225864 

12-38 

- 0-281473 

-0-231170 

12-40 

-0-276797 

-0-236376 

12-42 

-0-272018 

-0-241479 

12-44 

-0-267139 

-0-246478 

12-46 

-0-262160 

-0-251372 

1248 

-0-257084 

-0-256168 

12-50 

-0-251914 

i -0-260834 

12-52 

-0-246652 

> -0-266399 

12-54 

-0-241299 

; -0-269851 

12-56 

-0-235859 

-0-274189 

12-58 

-0-230333 

-0-278412 

12-60 

-0-224723 

-0-282517 

12-62 

-0-219032 

-0-286603 

12-64 

-0-213263 

-0-290369 

12-66 

-0-207418 

-0-294114 

12-68 

-0-201500 

-0-297737 

12-70 

-0-195510 

-0-301235 

12-72 

-0-189451 

-0-304608 

12-74 

-0-183326 

* -0-307855 

12-76 

-0-177138 

; -0-310974 

12-78 

-0-170888 

! -0-313965 

12-80 

: -0-164580 

1 -0-316827 

12-82 

i -0-158216 

j -0-319558 

12-84 

i -0-151799 

; -0-322158 

12-86 

! -0-145331 

1 -0-324626 

12-88 

' -0138815 

! -0-326961 

12-90 

! -0-132253 

1 -0-329163 

12-92 

! -0-125649 

! -0-331231 

12-94 

' -0-119005 

-0-333163 

12-96 

; -0112323 

1 -0-334960 1 

12-98 

; -0-105607 

-0-336622 

13-00 

j -0-098859 

-0-338147 

13-02 

; -0-092082 

-0-339536 

13-04 

: -0-085279 

-0-340787 

1306 

-0-078452 

-0-341901 

13-08 

-0-071604 

-0-342878 

13-10 

-0-064738 I 

-0-343717 

13-12 

1 -0-057856 1 

-0-344418 

13-14 

-0-050962 1 

-0-344981 

13-16 

-0-044058 : 

-0-345406 

13-18 

-0-037147 1 

-0-345694 

13-20 

-0-030231 

-0-345843 

13-22 

-0-023314 1 

-0-346855 

13-24 

-0-016398 1 

-0-345729 

13-26 

-0-009485 

-0-345466 

13-28 

-0-002580 

-0-345067 


n 
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yeMiMtiit OgUndtr oontlnned. 


* 1 

Yo(*) I 

YiW ' 

X 

Yo(«) 

Y,(x) 

13-30 

4-0-004316 ! 

-0-344531 

1442 

+0-299680 

-0-129889 

13-32 ! 

4-0-011201 { 

-0*343858 

14-44 

+0-302216 

-0-123694 

13-34 : 

4-0-018070 1 

-0-343050 

14-46 

+0-304628 

-0117459 

13-36 i 

+0-024922 ! 

-0-342107 

14-48 

+0*316914 

-0-111185 

13-38 ! 

4-0-031753 i 

-0-341029 

14-60 

+0-309075 

-0-104870 

13-40 ! 

+0-038562 i 

-0-339817 . 

14-52 

+0-311109 

-0-098634 

13-43 ' 

+0-046346 : 

-0-338472 . 

14-64 

+0-313016 

-0-092161 

13-44 

+0-052100 1 

-0-336994 

14-56 

+0-314796 

-0-086760 

13-46 

+0-068824 ' 

-0-335386 . 

14-58 

H-0-31d446 

-0 079334 

13-48 ; 

+0-065515 ; 

-0-333645 

14-60 

+0-317968 

-04)72888 

13-50 . 

+0-072169 - 

-0-331776 ; 

14-62 1 

+0*319362 

-0-066417 

1352 

+0 078785 

-0-329776 ^ 

14-64 

+0-320625 

-0-069931 

13-54 ' 

+0-085350 

-0-327649 1 

14-66 1 

+0-321759 i 

-04)53420 

13-56 

+0-001890 

-0-325395 !i 14-68 

+0-322762 

-0 046915 

13-58 : 

+0-098374 

-0-323014 ! 

-0-320508 1 

14-70 

+0-323635 

-0-040392 

13-60 

4-0-104809 

14-72 

+0-324378 

-0-033861 

13-62 

+0-111193 

-0-317879 i 

14-74 

+0-324900 

-0 027326 

13-64 

+0-117524 

-0-316127 i| 

14-76 

+0-325471 

- 0-020788 

13-66 

+0-123798 

-0-312264 

14-78 

+0-326821 

-0-014261 1 

13-68 

-fO-130013 

-0-300261 

-0-306150 

14-80 

+0-326041 

-04)07717 

1370 

.t-0136107 

14-82 

+0-326130 

-0 001189 

13-72 

+0-1422S8 ; 

-0-302922 ‘ 

14-84 

+0-326088 

+0005330 

13-74 

+0-148283 

-0-299577 

14-86 

+0-325917 

+0-011839 

13-76 

+0-154241 ! 

-0-296118 

14-88 

+0-325616 

+0-018334 1 

13-78 

+0-160128 1 

-0-292547 . 
-0-288865 ' 

-0-286073 

14-90 

+0-325183 

+0-024813 

13-80 

+0-166942 j 

14-92 

+0-324622 

+0-031274 

13-82 

+0-171681 1 

14-94 

+0-323932 

+0-037714 

13-84 

+0-177344 ' 

-0-281173 1 14-96 

+0-323114 

+0-044130 

13-86 

+0-182928 : 

-0-277167 

14-98 

+0-322167 

+0-050619 

13-88 . 

+0-188430 . 

-0-273056 

15-00 

; +0-321093 

+0-056880 

13-90 

+0-193849 ‘ 

-0-268843 ' 

15-02 

+0-319893 

+0-063210 

13-92 ! 

-r0199183 

-0-264529 , 

15-04 

+0-318566 

+0-069507 

13-94 ; 

+0-204430 

-0-2C0116 . 

16-06 

+0-317113 

+0-076767 

13-96 • 

+0-209587 

-0*256606 !! 16-08 

+0-315535 

+0-081980 

13-98 1 

4-0214653 

-0-261001 i 

15*10 

1 +0-313833 

+0-088171 

14-00 ! 

+ 0-219627 

-0-246303 i 

16-12 

; +0-312008 

+0-094309 

14-02 ; 

+0-224505 ! 

-0-241513 ; 

15-14 

+0-310061 

+0-100401 

14-04 1 

+0-229286 

-0-236634 

15-16 

j +0-307993 

+0-106445 

14-06 ! 

+0-233969 

-0-231668 

15*18 

, +0-305804 

+0-112439 

14-08 

, +0-238553 

-0-226617 

15-20 

i +0-303496 

+0-118380 

14-10 

1 +0-243034 j 

-0-221483 

15-22 

1 +0-301069 

+0-124266 

14-12 

1 +0-247411 

-0-216268 

16-24 

1 +0-298526 

+0*130095 

14-14 

+0-251684 

-0-210976 

16-26 

1 +0-206866 

+0-135865 

14-16 1 

+0-265850 

-0-206806 

16-28 

; +0-293091 

+0-141573 

14-18 

+0-250908 

-0-200161 

15-30 

I +0-290203 

+0-147217 

14-20 

+0-263856 

-0-194645 

15-32 

1 +0-287203 

• +0-162796 

14-22 

+0-267693 

-0-189069 

16-34 

+0-284092 

+0-158306 

14-24 

+0-271418 

-0-183406 

1 16-36 

+0-280871 

+0-163746 

14-26 

+0-276029 

-0-177688 jl 16-38 

+0-277642 

+0-169113 

14-28 

+0-278625 i 

-0171907 

16-40 

+0*274107 

+0-174406 

14-30 

+0-281905 

-0-166066 

16-42 

+0-270667 

+0-179624 

14-32 

+0-285167* 

-0-160167 

16-44 

+0*266923 

+0-184763 

14-34 

+0-288311 

-0-164213 

15-46 

+0-263177 

+0*189822 

14-36 

+0-291335 

-0-148206 

15-48 

+0-259330 

+0-194799 

14-38 

14-40 

+0-294239 
+0-297021 ^ 

-0-142147 

-0-136041 

15-60 

+0-266385 

+0-199691 
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The Neumann Q Functions. 

The Neumann Functioiu 0„(2;) of order greater than unity are of 
frequent occurrence in physical problems^ such as the diffraction of light, 
pressure of radiation, &;c. Tables of the functions have been found from 
those of Go(a;) and Gi(a;) by (a) direct calculation and (b) logarithmic 
computation from the recurrence formula 


and verified in the caae when x is an integer by the relation 

J»(») G«4i(®) - 6,{*) = 

X 

The Bessel Functions J„(aj) for positive integral values of n and x have 
been given by Meissel for a5 = 1 to as = 24. 

The Tables may be used to calculate 6„(a5) for other values of the 
argument x by employing the following formula : 

G„(x + A) = a.(a!) + A G.(») - Q„M(a5)] 

+ + • ■ 
Tables of the Neumann FuncHotis. Q„(x). 


<V,.r) 

i 01 

1 

0-2 

0*8 

0*4 

0*5 

n = 0 

1 

2 

•f 2-40998 
i +10-14570 

1 

+1-69820 

+6-22105 

+1-28806 

+3-60200 

+0-95194 

+2-79739 

ttt 


G,.(ir) ■ 

fljs: 0*6 

0*7 

1 0*8 

j 0-9 

1*0 

n — 0 

+0-48461 

+0-29960 

i +0-13635 

i -0-00884 

-0-13863 

1 

+ 1-97982 

+1-73298 

! +1-63647 

: +1-37150 

+ 1-22713 

2 ; 

+6-11479 

+4 66188 

! +3-70481 

! +3-05663 

+2-59289 

1 * ! 

— 

— 

! 

i — 

+0-14442 



ri 

1-9 


1-4 

1*5 

•= 0 

-0-26473 

-0-36827 

-0-46009 

-0-63076 

-0-60076 

1 

+1-09660 

+0-97668 

+0-86161 

+0-76264 

+0-64765 

2 

+2-24866 

+1-98440 

+1‘77665 

+1-C0697 

+1-46429 

3 

+7-07994 

+6-63900 

+4-60192 

+3-83584 

+3-25711 

* 

G.(x) 

ajsa 1'6 

1'7 

1*8 

1-9 

2*0 

n 0 

-0-66041 

-0-71004 

-0-74996 

-0-78040 

-0-80170 

1 

+0-64597 

+0-44726 

+0-36133 

+0-25825 

+0-16813 

2 

+ 1-34287 

+ 1-23622 

+1-14032 

+1-06224 

+0-96982 

3 

+2-81121 

+2-46149 

+2-18271 

+ 1-95700 

+ 1-77162 

4 

+9-19916 
^ 

+^-45141 

+6-13537 

+5-12776 

+4-34473 


a 2 
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REPORTS ON THE STATE OP SCIENCE.— 1914. 
Tablis of the Neumann Functions, G|,( 3 :)~-continued. 


: 0»(^) 

n « 0 

1 

2 

3 

4 

jr= 3*1 

-0*81413 

+0*08118 

+0*89144 

1*61681 

4 3*72802 

2*9 

-0-81805 
-0*00234 
+0*81692 
+ 1*48583 
+3*23634 

2*3 

-0*81379 
-0*08212 
40*74238 
+ 1*37322 
4-2*83993 
1-8*50480 

2*4 

-0*80176 
-0*15785 
+0*67022 
+ 1*27488 
+2*51698 
{ 7 *1150 4 






G.IJ-) 

Jfrr 2*6 

1 

28 

2*9 

n • 0 ' 

-0 7.5607 

-0 723.36 

-0*68474 

-0 64075 

1 

-0'29388 

- 0*35756 

0*41398 

-0*46480 

2 

-f-0-52847 

+0-45M9 • 

+0-38904 

4 0*.320ir> 

3 

+ 1*10891 

> 1-03682 

-I 0 96974 

+0*90645 

4 

2 03050 

4 ! 84554 

’* 1 08899 

-H-5r)326 

0 

6 

-f 5*13897 

+4*43145 

- 3 85593 

+3*38393 







a*- 8*1 

8-2 

8*8 

8*4 

« «* 0 

-0 538M 

-0-48232 i 

-0-42269 

-0*36068 

1 

-0*54920 

-0*58231 

-0*(J0024 

-0*62991 

2 

+018462 

+011837 

+0*05346 

-0*00986 

3 

+0-78742 . 

{ +0*73028 

+0-67403 

+0-61832 

4 

+1*33942 

' +1*25090 

+1*17200 

+ 1*10100 

6 

+2*66914 

■ +2*39697 

+2*16732 

[-1*97228 

6 

+7*27071 

+ 6*23963 I 

+5*39557 

+4*69982 

Oh{x) 

jr= 8 0 

3-7 ; 

3*8 

8*9 

n ■■ 0 

-0*23202 

-0*16662 : 

-010132 

! -0 03672 

1 

-065250 

-0*65451 i 

' -0*65049 

: -0 64060 

2 

*-^0*13048 

-0*18717 ; 

; -024104 

-0*29180 

3 

+0 50752 

+0*45217 

-[-0*39676 

+0*34133 

4 

+0*97635 

+0*92041 

+0*86751 

: 4 0*81691 

5 

+1-60214 

+1*53791 i 

1 +1*42957 

; +1*33439 

i 6 

+3*64070 

+3*23611 

1 +2*89452 

: +2*60460 

! 7 

— 

+8*95757 

. +7*71102 

^ +6*67976 

■ G«(*) 

*=: 4*1 

! ^*2 

4*8 

4*4 

fi « 0 

+0*08811 

+0*14726 

+0*20367 

.[.0-266.57 

1 

-0*60412 

-0*67807 

-0-.54726 

-0*51203 

2 

-0*38281 

. -0*42264 

-0*46811 

-0*48931 

3 

+0*2.3065 

: +0*17666 

+0*12111 

+0*06721 

4 

+0*72034 

+0*67348 

'4 0*62710 

+0*68095 

5 

+1-17490 

|•M07^6 

+ 1*04558 

+0*98908 

6 

+2 14626 ^ 

» +1*96260 

+ 1*80449 

+ 1*66694 

1 7 

+5*10391 

1 -1-4*50029 

-[.3*99020 

+3*56714 

i ^ 

— 

1 - 

-r 

+0*65122 

1 

■ 

1 

* . . . 

.-4 — 


3‘6 

078237 
-0-22921 
-fO'OOOOO 
+ 1-18701 
+ 2 25120 
-{-G0104.7 


80 

-0 59195 
- 0-5I00«) 
[0 25190 
[ 0*84594 
4-1*43992 
4 2*99385 
h 8 53950 


8*6 


-0*29092 

- 0*01432 

- 0*07127 
[0*56287 
+ 1*03019 
+ 1*80557 
+ 4*12257 


4*0 


-} 0*02061 
-0*02506 
- 0-.3.3914 
1 0*28592 
40*76802 
[-1*25012 
1-2*35728 
+5*82172 


4*6 


+0*30584 
-0*47281 
-0*51598 
[-0*01410 
+0*53486 
+0*93670 
+ 1*54669 
+3*18781 
+8*37096 
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TabU» of the Neumann Funetione. (},(x)-^otttinaed. 


a„(®) 

. .. 

0?= 4*6 

4*7 

,4*8 

! 

4-9 ; 

6*0 

n « 0 

+0-36101 

+0-39174 

+0-42773 

+0-45876 

+0-48462 

1 

~-0-43000 

-0-38400 

-0-33547 

-0-28470 . 

-0-23226 

2 

~-0-53797 

-0-55517 : 

-0-56751 

-0-57496 

-0-57752 

3 

--003780 

-0-08842 . 

-0-13746 

-0-18466 , 

-0-22976 

4 

+0-48860 

+0-44229 : 

+0-39569 

+0-34885 

+0-30182 

5 

+0-88765 

+0-84125 

+0-79694 

+0-75421 

+0-71260 

0 

+ 1-44101 

+ 1-34761 i 

+1-26460 

+ 1-19036 i 

+1 12361 

7 

+2-87160 

'42-59940 ! 

+2-36487 

+2-16095 

+ 1*98370 

8 

-1-7-29834 



+6-39546 i 

+5-63205 

+4-98377 

+4-43101 

Gn(x) 

6-1 

6-2 

6-3 

6-4 j 

5-5 

n = 0 

+0-50517 

+0-52033 

+0-53005 

+0-53433 

+0-63326 

1 

-0-17866 

-0-12439 

-0-06098 

-001591 

+0-03732 

2 

-0-57523 

-0-56817 

-0-56645 

-0-54023 

-0-51968 

3 

-0-27251 

-0-31266 

-0-34999 

-0-38426 

-0-41527 ; 

4 

+0-26464 

+0-20741 

+0-16024 

+0-11327 

+006666 

5 

+0-67194 

+0-63175 

+0-59186 

+ 0-55207 

+0-51223 

6 

+ 1-06289 

+ 1-00750 

+0-95647 

+0-90908 

+0-86467 

7 

+ 1-82897 

+ 1-69324 

+ 157374 

+ 1-46811 

+ 1-37432 

8 

+3-95783 

+3-65123 

+3-20058 

+2-89712 

+2-63361 

9 

— 

+9-23362 

+8-08839 

+7-11596 ; 

+6-28707 







G«(a-) 

X : 56 

5-7 

5*8 

5*9 

6*0 

71 iss 0 

! +0-62691 

+0-51547 

+0-49911 

+0-47810 

+0-45270 

1 

^ 0*08923 

+0-13937 

+0-18729 

! -j- 0-23260 

+0-27491 

2 

-0-49505 

-0-46657 

-043453 

I -0-39925 

-0-36106 

3 

-0-44283 

-0-46678 

-0-48697 

-0-50328 

-0-51561 

4 

j 1 0-02058 

-0-02478 

-0-06923 

-0-11256 

-0-15455 

5 

+0-47224 

. +0-43200 ‘ 

+0-39148 

+0-35066 : 

+0 30954 

6 

’ 4-0-82270 

' H-0-78268 . 

+0-74419 

+0 70689 ; 

+0-67046 

7 

4-1-29069 

+ 1-21574 

+ 1-14823 

+ 1-08709 

+1-03137 

8 

•1 2-40402 

i +2-20335 

+2-02740 

+l-8726i ' 

+1-73607 

9 


j +4-96911 

! +4-44461 

i +3-99125 

+3-59816 

10 

j -f-5-57794 


• 

1 

! 

+9-05841 

G,,(a;) 

>= 6-6 

j 7*0 i 

j 7*5 

j 8-0 

8*6 1 

n -= 0 

-f-0-27213 

. + 0-04076 

j - 0-18428 

j -0-35111 

-0-42444 

1 

40-43054 

+0-47543 

1 -1-0-40704 

; +0-24828 

+0-04111 

2 

- 0-13965 

1 H-0-09507 

j +0-29282 

; +0-41318 

+0-43411 

3 

■ 0-51648 

: -0-42110 

i -0-25087 

-0-04169 

+0-16318 

4 

0-33710 

, -0-45602 

-0-49351 

- 0-44445 

-0-31892 

5 

fO-10169 

: -0-10006 

-0-27555 

-0-40275 ' 

-0-46334 

() 

f 0-49339 

j +0-31307 

+0-12612 

. -0-05900 

-0-22619 

7 

-f-0-80929 

+0-63676 

+0-47734 

i +0-31426 

-! 0-14402 . 

8 

+ 1-24969 

+0-96044 

-i 0-76491 

: +0-60895 

+0-46340 i 

9 

+2*26687 

+ 1-55864 

+ M5447 

' +0-90364 

+0-72826 . 

10 

! +5-02780 

; +3-04723 

+2*00582 

; +1-42424 

+ 1-07879 , 

11 

•— 

1 +7-14782 

+4-19437 

: ’+2-65697 

+1-81008 1 

12 

1 ^ 

j 

— 

' +5-88241 

+3*60612 1 

13 

i 

1 

1 

1 


+8*37101 1 



8G RBF0RT8 ON THB STATE OF 80IBN0E. — 1914, 


T«l>U» of the Neuttiann Functiona, Q,(x) — oonttaoed. 


Gn{x\ 

1 »- 90 

9*6 

10-0 

10-6 

ll-o 1 

n = 0 

1 

2 

3 

4 

5 

3 

7 

8 

9 

10 

11 

12 

13 

! -0-39200 

-0-16386 
+0-35619 
+0-32216 
-0-14141 
i -0-44786 
-0-36621 
! -0-02709 

+0-31408 
+0-58644 
+0-85681 
+ 1-31859 

1 +2-36640 

+4-99180 

-0-26894 
-0-31915 
+0-20176 
+0-40410 
+0-05347 
-0-36907 
-0-43144 
-0*18691 
+0-15747 
+0-45112 
+0-69729 
+1-01685 
+1-65763 
; +3-17068 

-0-08745 
-0-39115 
+0-00922 
+0*39484 
+0-22769 
-0-21269 
-0*44038 
-031576 
-0 00169 
+0-31306 
+0-56519 
+0-81733 
+1-23293 
+2-14171 

+0-10608 
-0-36710 
-0-17600 
+0*30005 
+0-34746 
-0 03632 
-0-38110 
-040022 
-0-16253 
+0-16780 
+0-44018 
+0-67064 
+0-96497 
+1-63501 

+0-26522 i 
-0-25716 
-0-31198 
+0-14370 
+0-39036 
+0-14020 : 
-0-26291 
-0-42701 
-0-28066 
+0-01893 
+0-31153 
+0-54749 
+0-78344 
+1-16185 

1 

Gn(x) 

j 11-6 ! 

1 ia*o ; 

' 12*5 1 

: j 

18-0 1 

i ' 1 

« sa 0 

I +0-35379 

+0-35380 1 

1 +0-26894 1 

1 +0*12285 

-0-04724 

1 

-0 09102 

+0-08969 

+0*24165 1 

1 +0 33000 

+0-33619 > 

2 

! -0-36962 

-0-33885 

-0*23028 ! 

: -0*07208 

+0-09705 1 

a 

-0*03755 i 

S -0-20264 

-0-31534 ■ 

-0-35217 

-0-30743 ! 

4 

+0-35003 

1 +0-23753 

+0-07892 

-0-09046 

-0-23309 

5 

i +0-28105 

+0-36100 

+0-36584 

+0-29651 

+0*16895 : 

6 

-0-10564 

; +0-06330 

+0-21376' 

i +0-31854 

+0-35883 ; 

! 7 

j -0-39128 

} -0-29770 

-0-16064 

i -0-00247 

i +0-15001 

i » 

i -0-37070 

• -0-41061 

-0-39367 

i -0-32120 

' -0-20326 

9 

-0-12448 

: -0-24979 

-0 34326 

; -0 39285 

i -0-39092 : 

1 10 

+0-17587 

+0-03593 

j -0*10063 

-0-22276, 

: -0-31706 

! 11 

i +0-43034 

i +0-30968 

1 +0-18226 

+0-06016 

-0-08013 

1 12 

+0-64738 

+0-53181 

i +0-42140 

+0-30763 

+0-18737 

1 13 

! +0 92073 

+0-75394 

+0-62684 

+0-51778 

+0-41324 




G (X) 

jo^ 14*0 

14*5 

i5'a\;: 

15-5 

■ 

16*0 

n » 0 

-0*19979 

-0-29893 

-0-32874: 

>0-26805 

-0*15050 

1 

+0-26177 . 

+012730 

-003310 

-0*18031 

-0*27956 

2 

+0-23719 

+0*31648 

+0-31833 

+0*24478 

+0-11555 

3 

-oiMoa 

-0-03999 

+0*11799 

+0-24348 

+0-30845 : 

4 

-0-32033 

-0-33303 

-0-27113 

-0*15053 

+0-00012 

5 

-t-0«I095 

-014S7tt 

-0-26259 

-0-32117 

-0-30839 

6 

+0*32815 

1 +0-23390 

+0*09607 

-0-05667 

-0-19286 

7 

+0*27032 

I +0-33732 

+0-33946 

+0-27730 

+0*16375 

8 

0*06783 

1 +0*09179 j 

+0-22075 

+0-30713 

+0-33614 

9 

-0 33641 

-0-23603 

-0*10398 ^ 

+0-03975 

+0-17239 

10 

-0-37470-^ 

-0-38480 

-0*34553 

-0-26098 

-0*14220 

11 

1 -0-19887 

-0-29472 

, -0-35672 

-0-37649 

-0-35014 

12 

+0*06218 

-0-06237 

-0*17766 

-0*27340 

-0-33925 

13 

+0-30548 

+0*19149 

+0*07246 

-0*04683 

-0*15873 

— i 
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Bmel Fum^ims of Half-integral Order. 
The solution of the equation 


(fa!» 

being taken in the symbolical form 
yields as standard functions of real quantities 


Ae- + Bo" 

X 


X 

cos X 

f 

X 


with 




aa an important associated function. 

The functions (E„ (a:) )* = (S, (») )“ + (C« (*) )® 
(E.'(®))‘ = (S,/(x))»+{C.'(»))» 


are of importance, and have been tabulated with S„ (x). 0, (x), and tlieir 
derivatives S„' (x), C,' (x). 

The connection with Bessel Functions is apparent from the differential 
equation, giving 

S,(x)= s/^,jrx J„H.,<x) 

C,(®) = ( - 1)VS^) 

From the differential equation, we obtain 

3,' (x) =='?i±-l 8, (x) - S, , , (x) 

X 

,'S.'(x)-,S..,(x)-?S^x) 

with corresponding formuln for C/ (.«), E,' (x). 

By elimination of S„' (x), we get the recurrence formula 

S.,..(x) = ?-j’-^8„(x)-8„_,(x). 
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REPORTS ON THE STATE OF SCIENCE. — 1914 , 


Bessel Funcfions of nalf»iniegral Order, 


71 

s»{i) ! 

C«(l) 


n 



0 

•8414710 

•5403023 

1-0 

0 

1 

•3011087 

1-3817733 

2-0 

1 

2 

•0620351 

3-005018 

130 

2 

3 

•009000(1 ! 

1004331 

277-0 

3 

4 

•OOlOllO 

112-8982 



5 

•0000920 

999-4403 



ti 

•0000072 

10880-95 



7 

•0000005 ; 

140452-8 

- - * 

— 

« 

S/(I) 1 

C W 

[E,.'(l)? 

n 

0 

•i5403023 

—8414710 

1-0 

0 

1 

•5403023 

—8414710 

1-0 

1 

2 

•1770980 

-5-828262 

34-0 

2 

3 

•0350153 

-40-32493 

21460 

3 

4 

•0049025 

-434-9494 



5 

•0005482 

-4884-304 



6 

•0000490 

-64280-23 



7 

•0000038 

-9722890 



, n 

Log, [s„aj] 1 

Log.[c„m] 

; Log.[E„a)]» 

' n 

0 

i-9-25039l 

i-73‘263C8 1 

1 -0000000 

0 

1 1 

i -4788098 

•1404.3G8 1 

i -3010300 

1 

; o 

2-79-26371 

•5569074 1 

! 1-1139434 

2 

' 3 

3 9545000 

1-2212399 

24424798 

3 

! 4 

1 

30047580 i 

20.52C8C0 



“ 

n 

Log.[S«M}] ; 


Log. fK,;(l)]^ 

1 

0 

1-7326308 j 

1-9250391 1 

•0000000 

0 

1 

. i -7326308 

^ 1-9260391 

•0000000 i 

i 1 

2 

1-2482150 

•7055390 

1-6314789 

2 

3 

2-5442570 

1-6658147 

3-3310297 

3 

4 

3‘6957021 

2-6384387 

1 

1 


S„(9) C,{3) [E«(3)]‘ ! n 


0 

•9092974 

-•4101468 

1-000000 

1 ' 

•8707955 

•7012240 

1-250000 

2 

•3908959 ‘ 

1-4079828 

2-312500 

3 j 

•1214442 - 1 

2-968733 

8-828125 

4 . 

•0281588 1 

8-922583 

79-61328 

5 1 

•0062703 

1 37-18289 

1382-567 

6 * 

•0008281 1 

1 195-5833 


7 ! 

•0001122 I 

! 1234 109 


8 , 

•0000134 

1 9060-232 

1 

^ 1 

•0000014 

1 75777-86 


10 ' 

•0000001 

! 710829-4 

1 
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Bessel Functions of Half-integral Order— continued. 


n 

8/(2) 

C/(2) 

[E»'(2)]» 

n 

0 

— 41G1468 

-•9092974 

1*0000000 

0 

1 

•4738997 

-•7667588 

•8126000 

1 

2 

•4738997 

-•7667588 

•8125000 

2 

3 

•2147296 

-2*085117 

8*957031 

3 

4 

•0661266 

-14*87643 

221*3125 

4 

5 

•0149829 

-84*03464 

7061*821 

5 

C 

•0027861 

-549*5671 



7 

•0004354 

-4123-797 



8 

•0000687 

-36006*82 



9 

*0000070 

-331940 1 



10 

•0000007 

-34783«9- 








n 

[S«(2)] 

1 I>>g' [C.(20 

Ijog. [E„(2)]* 

n 

0 

1-9587060 

! i-6192466 

•0000000 

0 

1 

i-9399162 

! 1-8458568 

*0969100 

1 

* 2 ' 

i i'6986767 

' •1667210 

•3640817 * 

0 

1 3 

10843707 

•4725711 

•9458684 

3 


2*4496139 

•9504906 

1*9009855 

4 

1 5 , 

3'7218386 

1-5703431 

3*1406862 

5 

0 i 

_ i 

4*9180733 

— 

2*2913318 

- 


n 

Log.[S/C2)] 

.. 

Log- [C/(2)] 

j Log. rE„'(2j]* 

1...” 

0 

i-6192460 

1*9587060 

•0000000 

’ 0 

1 

1*6766804 

1*8846588 

1*9098234 

1 

2 

^•673C804 

i-8846588 * 

1*9098234 

2 

3 

1*3318919 

-4749613 

•9521642 

3 

4 

2*8137585 

j 1 1724988 

2*3450059 

4 

5 

2*1755970 

1 1-9244583 

3*8489167 

5 

C 

3*4449957 

. 2-7400207 

j 

1 

1 


n 

S„(8) 

Cn(8) 

[E»(8)]» 

n 

0 

•1411200 

-•9899925 

1*0000000 

0 

1 

1*0370325 

-•1888776 

11111111 

1 

2 

•8969125 

•8011150. 

1*4444444 

2 

3 

•4561550 

1*5240692 

2*530864 

3 

4 

•1684491 

2*755046 

7*618656 

4 

5 

•0491924 

6*741070 

45-44444 

5 

6 

•0119231 

21-96221 

482*3389 

6 

7 

•0024745 I 

88-42851 



8 

•00044;96 

; 420 1803 



0 

•0000726 

1 2292*593 



10 

•0000106 

! 14009-58 



11 

•0000014 

96404-45 


i 

12 

•0000002 

726001*2 


i 
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REPORTS ON THE STATE OP 80BNCE.— 19H. 


FttneHons of Half -integral Ord«t'— oontlnned. 


n 

a.'(8) 



« 

0 

-•9899925 

-•1411200 

1-0000000 

0 

1 

—2045576 

-•9270333 

•9012346 

1 

2 

•4397576 

-•7229642 

•7160494 

2 

3 

•4397575 

-•7229542 

•7160494 

3 

4 

•2316661 

-2-149326 

4*673220 

4 

3 

•0864617 

-8-480070 

71-91907 ; 

6 

0 

•0263460 

-37-18335 

1S82-602 1 

6 

i 7 

•0061492 

-184-3710 

i 


■ 8 

•0012769 

-1032*052 

I 


i ® 

•0002316 

-6457*600 

.i 


I 10 

•0000374 

-44706*00 

1 


n 

•0000054 

-339383-4 

i 


12 

•0000007 

-2803600- 

j 



n 

Log. [S„(8)] 

Log. [C»(8)] 

Log.[Eii(8)]* 

n 

0 

i-149.5886 

1-9956310 

*0000000 

0 

1 

. -0157924 

1-2761801 

•0457574 

1 

2 

* 1-95226.36 

1*9036949 V 

•1597008 

2 

3 

1-6591125 

•1830046 

•4032688 

3 

4 

i-2264687 

•4401289 

‘8818784 

4 

5 

2-0918984 

•8287288 

1*6574808 

5 

6 

20763909 

1-3416761 

2*6833523 

6 

7 

3-.3934926 

1-9465923 




n 

Log.[Si.’(S)] 

Log-[C,'(8)] 

Log.(E,'(8)]» 

n 

0 

1-9956319 

1*1495886 

*0000000 

0 

1 

i*3108155 

i-9670954 

i*9648378 

1 

2 

1*6432133 

• i-8691108 

i-8649430 

2 

5 

i‘6432133 

i-8691108 

1-8549430 

3 

4 

1*3646563 

•3323022 

•6696163 

4 

5 

2*9368240 

•9283995 

1 •8568440 

5 

6 

2-4039119 ' ‘ 

^ ' 1*6703486 

3*1406973 

6 

7 

3-7888217 

2-2666927 




n 

Sn(4) 1 

c,W 



0 

1 —7568026 ! 

—6536436 

10000000 

0 

1 

1 <4644430 ! 

—9202134 

10625000 

1 

2 

M051347 ' 

—0366164 

1-2226562 

2 

3 

•9169754 ' ' 

•8746679 

1-6067129 

3 

4 

•4995723 ' 

1-5670102 

^ 2*706093 

4 

5 

•2070622 

2 6512051 

^ 7 071763 

5 

6 

•0698487 

6-7238037 

32-76681 

6 

7 

•0199460 1 

15-95116 

254-4898 

7 

8 

•0049490 ’ 

5409304 

2926-056 

8 

9 

•0010870 

213-9442 

• 


10 

•0002144 

9621421 



11 

•0000384 

4837 302 



12 

•0000063 

26852-34 



13 

•0000009 1 

162989-8 



U 

4)000001 ' 

1072320* 
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Be»ul Funetwu of Hal/-int»grdl Onbr— continued. 


n 

S.'(4) 

C«'(4) 

[M4)r 

n 

0 

— e63643« 

+•7568025 

1-0000000 

0 

1 

-•8729132 

—4235903 

•0414062 

1 

2 

—0881244 

—9019552 

•8212891 

2 

3 

•4174032 

—6924423 

•6637018 

3 

4 

•4174032 

« —6924423 

■6537018 

4 

5 

•2407446 

-1-746996 

3-109954 

5 

6 

•1022891 

-5-934601 

35-22876 

6 

7 

. 0349431 

-2219072 i 

492-4293 

7 

8 

•0100481 

-92-23491 I 

8607-279 1 

8 

9 

•0026032 

-427-2816 

! 


10 

•0005511 

-2191-411 



11 

•0001088 

-12340-44 



12 

•0000195 

-76719-73 



13 

•0000032 

-602864-7 

1 


H 

•0000005 

-3593662- 




n 

Log- [844)] 

Log. [044)] 

Log.[E44)? 

n 

0 

1-8789825 

f-8163410 

•0000000 

0 

1 

1-6669324 

1-9638886 

•02632S9 

1 

2 

0-0434153 

2-5624884 

•0873043 

2 

3 

1-9623677 

1-9417935 

•2056678 

3 

4 

1-6985983 

0-1950719 

•4321823 

4 

5 

1-3161007 

•4234433 

•8495276 

5 

6 

2-8441582 

•7676848 

1-5154341 

6 

7 

2-2998560 

1-2027922 

2-4056851 

7 

8 

3-6945133 

1-7331414 

3-4662827 

8 

' 9 

3'-0362340 

. 2-3303006 




» 

Log. [844)] 

Log.[C»'(4)] 

_ Log.[(B.'(4)]» 

( 

n 1 

0 

1-8163410 

1-8789826 

0-0000000 

0 I 

1 

1-9409711 

f-6269460 

1-9737771 

1 ! 

2 

2-9460960 

1-9651860 

1-9144960 

2 

3 

i-6206657 

i-8403836 

1-8163797 

3 

. 4 

1-0205557 

i-8403836 

i-8163797 

4 

* 6 

1-3815565 

•2422918 

•4927640 

5 

6. 

f-0098296 

-7733841 

1-6468972 

6 

7 

2-6433616 

1-3461714 

2-6923439 

7 

8 

2-0020852 

1-9648953 

3-9297907 

8 

9 

3-3984910 

2-6307141 
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BEPOBTS ON THE STATE OF SCIENOE.— 1914 . 


Bmel Funetkms (if Half -integral Oriter— oontinaed. 



i 8,(6) 

C,(6) 

CE.(6)]‘ 

1 " 

0 

—0689243 

^2836622 

10000000 

0 

1 

—4764470 

—9021018 

1-0400000 

1 

; 2 

•6736661 

-•8249773 

M344000 

2 


M491031 

•0772145 

1-3263999 

3 


' 9350883 

•9330777 

1-7450241 

4 

« 

•5340558 

1-(K>23252 

2-852602 

5 

« 1 

■3308346 

2-592038 

6-776181 

0 

7 

0895139 

5-136973 

26-39650 

7 

8 

•0287072 

12-81888 

164-3244 

8 

9 

•00S0905 

38-44722 



10 

•0020367 

133-2806 



11 

•0004637 

521 3312 



12 

•0000964 

2264-843 



13 

•0000185 

10802-88 



14 

•0000033 

56071-73 


, j 

15 

•0000005 

314413-1 


] 

16 

•0000001 

1893290- 





C«'l5) 

1 [E'(5,.)? 

i 

n i 

1 0 

' -2836622 

•9589243 

1-0000000 

0 j 

1 

-8638349 

•4641006 

-9616000 

1 i 

1 2 

-•7449095 

-•5722009 

-8823040 

2 

3 

i —0158058 

-•8713060 

•7594240 

3 

4 

•4010325 

—6692476 

-6087194 

4 

5 

' -4010325 

—6692476 

-6087194 

5 

6 

1 -2462544 

1-5081202 i 

2-335068 

6 

7 

•1145151 

-4-599725 

21-17059 

7 

8 

•0435824 

-15-37324 

236-3383 

8 

9 

I -0141443 

-56-38612 



10 

i -0040171 

-2281139 



I 11 

j 0010165 

-1013 648 



i 12 

; 0002323 

-4912-292 



i 13 

' -0000484 

-25823-65 



i 14 

. -0000093 

-146197-9 



' 15 

•0000017 

-887167-7 



' 16 

; -0000003 

-5744114- 




n j 

Eog.[S,(5)] 

1 Log- [Ch(6)] 

Log.[K,(6)P 

n 

0 

1-9817843 

1 1-4528015 

i -0000000 

\ 0 

1 

1-6771021 

i-9552989 

' -0170333 

1 

2 

1-8284378 

1-9164420 

•0547662 

2 

3 

•0603589 

2-8870992 

•1226745 

3 

4 1 

f-9708.';27 , i 

l-9f)99l78 

' -2418014 

4 

5 

1-7275807 j 

•2047506 

•4552503 

5 

6 

j 1-3799110 ! 

•4136413 

•8300850 

0 

7 

2-0618904 

•7107073 

1-4215464 

7 

8 

2-4579904 

11078501 

2-2157021 

8 

9 

3-9079764 

1-5848650 



10 

3'-3089316 

2-1247668 
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BiBsel Functions of Half-integral Of(2«r-**4onilnued. 


n 

riog.[s,'(8)i 

Log.CC,'(6)] 

Log-PB.'lS)]* 

n 

0 

1-4528015 

f-9817843 

-ooooooo 

0 

1 

1-9364307 

i-mom 

i -9829945 

1 

2 

1-8721036 

1*7575486 

r9456183 

2 

3 

2-1988166 

l'-9401707 

f-8804846 

3 

4 

1-6031796 

f-8255g08 

r-7844172 

4 


1-6031796 

1-8255868 ' j 

1-7844172 

6 

1 6 

1-3913840 

•17843.59 1 

•3682906 

6 

i 7 

1-0588626 

-6G273I8 1 

1-3257329 

7 

) 8 

2-6393112 

M867653 | 

2-3735.342 

8 

9 

2-1505807 

1-7511723 



10 

3-6039080 

- 

2-3581517 


K - .. 

n 

Sn(6) 

C«(6) 

[En(0)]* 

V 

0 

—2794155 

. -9601703 

10000000 

0 

1 

-10067305 

—1193871 

1-0277778 

1 

’ 2 

—2239543 

-1 0198638 

10902778 

2 

1 3 

•8201110 

—7304994 

1-2062114 

3 

' 4 

M 807504 

•1676145 

1-4222661 

4 

i r» 

•9510J46 

•9819212 

1-8685981 

.5 

0 

•6627764 

1-6325743 

2-982016 

i 6 ' 

7 

-2683343 

2-5553232 

6-601680 

7 

i 8 

•1080693 

4-755734 

22-62868 

8 

, 9 

•0378337 

10-91926 

119-2316 

9 

' 10 

•0117474 

29-82191 

889-3466 

10 ' 

1 11 

•0032822 

93-45743 



i 12 

•0008346 

328-4316 



I 13 

•0001948 

1276007 



1 14 

•0000420 

6409 102 



' 15 

•0000084 

24868-98 


i 

: IG 

•0000016 

123080-6 



' 17 

•0000003 

652074-6 


' -i 


n 

S«'(C) 

C,,'(6) 

[FV(6)]» 

1 

n , 

1 

0 

•9601703 

•2794155 

1 -OOOOOOO 

0 

1 

- 1116256 

•9800681 

•9729938 

1 

2 

-•9320881 

•2205675 

•9174383 

2 

3 

-•6340098 

—6646141 

•8.304880 

3 , 

4 

•0329440 

>-•8422424 

•7104576 

4 ' 

6 

•3882382 

—6606631 

•5740783 

6 ; 

6 

•3882382 

—6506631 

•5740783 

6 

7 

•2497198 

-1-3486361 

1-8811792 

7 

1 8 

•1242662 j 

-3-78,5655 

1 14-34662 

8 

9 

•0613087 1 

-11-62315 1 

I 1351002 

9 

10 i 

•0182647 1 

i -38-78393 

1,504-193 

10 

11 

•0057300 

-141-6167 i 



12 

•0016133 

-6634057 



13 

•0004125 

-2434 084 



14 

•0000967 

-11346-23 



16 

•0000197 

-66763-36 


i 

16 1 

•0000040 1 

1 -3033461 


1 

17 1 

•0000008 1 

-1833143- 
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REPORTS ON THE STATE OP SOIENOE.— 1914 . 
Btuel Funetimu of Saif -inttgral Onbf— «ontinaed. 


n 

l_ 

I««.[S«(8)] 

i^.[c,(e)] 



B 

i-4462604 

1-0823482 


n 

1 

•0029172 

1-0769574 

-0118993 

1 

2 

i -3501593 

•0085422 

•0375371 

2 

3 

1-9138720 

i-8636199 

•0814234 

3 

4 

•0721681 

f-2243116 

. 1529808 

4 

5 

1-9781872 

1*9920766 

. •2715159 

« 

6 

i -7503359 

-2128730 

•4740000 

6 , 

7 

i-4286762 

•4074458 

•8196545 

7 

8 

10336021 

-6772176 

1-3546592 

8 

i ® 

2*5778788 

1 1*0381930 

2*0763912 

9 

1 

2-0699421 

1-4746354 

2*9490710 


1 ” 

3-5161693 

1*9706139 

3*9412276 

H 


" 1 

Ix)g.[S,.-{6)] 

Log.[C.'(6)3 

Log.[E.'(«)? 

n 

0 . 

1*9823482 

1-4462504 

•0000000 

0 

1 ; 

1*0477638 

1-0012662 ' 

1*9881101 

1 

2 ; 

1*9694570 

i-3435416 

i *9625768 

2 

3 i 

1*8020960 

i-8159854 

1*9193334 

3 

4 

2-6177768 ' 

1-0264370 

- 1*8516380 

4 

6 : 

1*5890982 

1-8133495 

1-7589712 

5 

6 ; 

1*6890982 

1-8133495 

1*7689712 

6 

7 

i-3974630 

-1298948 

-2744302 

i ’ 

8 : 

1*0943146 

•6781411 

1*1667497 

8 

9 : 

2"7101914 

^ 1*0653238 

2-1306561 

9 

10 . 1 

2'2613742 

1-5886518 

3 1773036 

10 

» 1 

3-7581532 

2-1508077 




n 

S.(7) 

. ... 

0(7) 

lPm(7)]» 

i‘V 

0 

•6560860 

•7539023 

1-0000000 

0 

1 

—6600470 

•7646869 

1-0204082 

1 

2 

—9398639 

—4261793 

1-0649730 

2 

3 

—0112843 

-1*0691007 

M431036 

3 

4 

•9285796 

; —6429214 

1-2756080 

4 

5 

1-2061723 

-2424876 

1-5U2406 

5 

6 

-9652627 

16239731 

1-9802530 

6 

7 

•6874684 

1-6591769 

3-097976 

7 

8 

•2936767 

2-531406 

6-494203 

8 

9 

•1255135 

4-488523 

20-16258 

9 

10 

•0471029’ 

9-651729 

93-16808 

^ 10 

11 

•0157952 

' 24-46666 

598*6178 

11 

12 

•0047956 

70-73873 

% 


13 

•0013317 ' 

2281717 



14 

-0003410 

809*3520 



15 

•0000811 

3124-858 



16 

•0000180 

13029-31 



17 

•0000037 

58299*01 



18 

•0000007 

278465-7 




•0000001 

1413591- 


t 
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- Basel Fmetions of Haif -integral Order— watimeA. 


n 

8»'(7) 

C»'p) 

[E.W 

" 1 

0 

•7539023 

—6669866 

1-0000000 

0 

1 

•7612790 

+‘6446613 

■9800082 

1 

2 

—3915145 

+■8864624 

•9390815 

2 

3 

—9360278 

+•0320067 

•8753014 

3 

4 

—5419012 

—7017170 

-7860638 

4 

6 

■0677422 

—8161267 

•6706518 

5 

6 

•3778043 

—6352038 

•5462200 

0 ! 

7 

•3778043 

—6362038 

-5462200 

7 1 

8 

•2519422 

-12338686 

1-585882 

8 1 

9 

•1322021 

-3-239553 

10-51218 

9 I 

10 

•0582237 

-9-299661 

86-48708 

10 

11 

•0222819 

-28-79588 

829-2033 

11 j 

12 

•0075743 

-96-79974 


1 

13 

•0023224 

-353-0087 


j 

14 

•0006497 

-1390-532 



15 

•0001673 

-5886-773 



16 

•0000400 

-26656-41 



17 

•0000089 

-128544-0 



18 

•0000019 

-657755-8 



19 

•0000004 

-3558425- 


1 


H 

Log.[S»(7)] 

Log.[C,{7)] 

Log [E«(7)J' 

n 

0 

i^8175664 

i8773150 

•0000000 

0 

1 

1-8195749 

1-8834836 

•0087739 

1 

2 

1-9730650 . 

f-6295924 

•0273386 

2 

3 

2-0524737 

•0290186 

•0580857 

3 

4 

i-9678101 

1-8081579 

•1057172 

4 

5 

•0810491 

1-3846893 

•1793337 

5 

6 

1 9846455 

■0102885 

•2967208 

6 

i 7 

1-7689771 

•2198927 

1 -4910780 

7 

8 

i-4677215 

•4033618 

1 -8125259 

8 

9 

1-0986904 

•6521034 

1-3045461 

9 

10 

2-6730476 

•9846051 

1 1-9692206 

10 

11 

2 1985243 

13886748 

2-7771497 

11 

12 

3-6808361 

18496573 



13 

3-1244043 

2-3582617 
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REPORTS ON TUB STATE OP SCIENCE.— 19U, 


Bessel Fimtions of Half-integral Ordeiwsontinued. 


n 


I«g' [G«'(7)] 

j Log.[E„'(7)]» 

1 ” 

0 

i -8773150 

i'81755G.l 

■0000000 

■' 0 

1 

1 '8758012 

! i -8093316 

! i •9912297 

1 

2 

i ‘592747$ 

1 •9476554 

i -9727033 

0 

3 

197082^5 

25052413 

■ i'942ir>76 

3 

4 ’ 

i 7339202 

i -8461693 

i -89o45 /8 

4 

5 

2-8308502 

i -91 17576 

i'82(S407U 

5 

6 

i -5772670 

1-8029131 

! i -7373670 

6 

7 

1-5772670 ! 

i -8029131 

i '7373670 

7 

8 

1-4013009 

•091265^1 j 

•2002*09 

8 

9 

1-1212385 

-5104850 

l'021((928 

9 

10 . 

2-7650977 ; 

•9684671 

1-9369512 

10 

11 

2-3479526 1 

1 4593304 1 

2'9186r>10 

11 

12 

3-8793411 

1 9858742 



13 

3-3659326 

2-5477854 




71 

S»(8) 

C«(8) 

[B«(»)]‘ . 

71 

0 ; 

■9893582 

- 1455000 

1-0000000 

0 

1 

-2691698 

•9711707 

1-0156250 

1 

2 

-•8884196 

•5096891 

1-0490725 

2 

3 

-•8244320 

- -6526151 

1 1055944 

3 

4 

•1670416 

-1-0807273 

M958744 

4 

5 

1-0123538 

-•5832031 

1-3420578 

5 

6 

1-2249449 

•3063230 

1-5943238 

C 

7 

•9781817 

1-0609780 

2-082514 

7 

8 

•6091458 

1-6830107 

3-203583 

8 

9 

•3162531 

2-515420 

6427352 

9 

10 

-1419553 

1 4-291111 

18-43378 

10 

11 

•0563796 

8-748747 

76-54376 

11 

12 

•0201360 

1 20-86154 

4352041 

12 

13 

•0065454 

1 56-44356 



14 * 

•0019547 

[ 169-6355 


1 

15 I 

•0006403 j 

I 558-4850 


! 

16 : 

•0001391 

1994-494 



17 1 

•0000336 

7668-802 



18 1 

•0000076 • 

31556-52 



19 i 

•0000016 

1 138280-] 



20 

•0000003 

1 - 642558-9 

j 
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FwKtioiia of Kalf-inUgral Or(2^r*-^ontinued. 


n 

S»'(8) 

C,'(8) 

[E»W 

n 

0 

- 1465000 

—9893682 

1-0000000 

0 

1 

•9567120 

—2668964 

•9846190 

I 

2 

•4012747 

•8437486 

•9532022 

2 

3 

--•6792576 

•7644197 

•9046883 

3 

4 

—9079628 

—1122616 

•8369787 

4 

5 

—4666796 

—7287263 

•7478982 

6 

6 

•0936451 

—7929453 

•6375318 

6 

7 

•3690369 

-•6220327 

•6231121 

7 

8 

•3690369 

—6220327 

•6231121 

8 

9 

•2633011 

-M468365 

1-379426 

9 

10 

•1388090 

-2-848469 

8 133044 

10 

11 

•064433‘4 

-7-738416 

59-88724 

11 

12 

•0261760 

-22*54356 

608-2127 

12 

13 

•0094997 

-70-86924 



14 

•0031247 

-240-4185 



15 

•0009416 

-877-5239 



16 

•0002621 

-3430-503 


1 

1 

17 

•0000679 

-14301-71 


1 

I 

18 

•0000163 

-63333-36 



19 

•0000038 

-296868-7 



20 

•0000008 

-1468117- 




n 

Ug.[S„(8)] 

IiOg.[C„(8)] 

Log- [E«(8)j 

n 

0 

1-9953530 

1-1628630 

00000000 

0 

1 

1-4300263 

1-9872966 

-0067334 

1 

2 

1-9486181 

1-7073053 

•0208065 

2 

3 

1 •9161649 

i-8146570 

•0436958 

3 

4 

1-2228244 

•0337162 

•0776856 

4 

6 

0053323 

i ’7606660 

•1277712 

5 

6 

•0881165 

1-4861797 

•2026765 

6 

7 

1-9904196 

•0267063 

•3186878 

1 

8 

1-7847213 

•2260868 

•6066360 

8 

9 

i-5000347 

. -4006106 

•8080321 

9 

10 

11621616 . 

•6325697 

1-2656143 

10 

11 

2-7611219 

•9419469 

1-8839098 

11 

12 

2-3039729 

1-3193463 

2-6386930 

12 

13 

3-8159352 

^1-7616144 



14 

3-2910760 

2’2296167 




1914. 


B 



ftBFOBTS OK THK STATE OT SOIEHCB.--1914. 


Bessel Functions of Half -integral (Mlef-^ontintted. 


! 

W[8»'(8)] 

Log-lC,'(»)] 


1 fi 

'1 

1 0 

M628630 

1-9953536 

•0000000 

0 

1 

1-9803270 

i-4263426 

i-9932682 

: 1 

2 

1-6913243 

i-9262130 1 

19792124 

2 

3 

i-7628717 

i-8776130 

1-9564990 

3 

4 

Lomm 

i-0501919 

1-9227145 

4 

5 

i-6680872 

1-8625639 

1-8738424 

5 

6 

207148S0 

f-8992433 

1-8045018 

6 

7 

1-S670687 

1-7938132 

1-7185048 

7 

8 

i-5670687 

f-7938132 

1-7185948 

8 

9 

i-4037399 

-0595015 

0-1396984 

9 

10 

il424l75 

-4546115 

•9102531 

10 

11 

2-8091109 

•8886521 

1-7773344 

11 

12 

2-4178966 

1-3530225 

2-7060455 

12 

13 

3-9777117 

1-8503964 



14 . 

3-4948071 

2-3809678 




n 

Sn(0) 

0 

•4121185 

1 

*9569212 

2 

-0931448 

3 

-1*0086683 

4 

-6913750 

5 

*3172933 

6 

1*0791779 

7 

1*2415193 

8 

•9900209 

9 

*6285202 

10 

*3368550 

11 

•1574749 

12 

*0655808 

13 

*0*246941 

14 

*0085014 

15 

; *0026992 

16 

•0007959 

17 

1 *0002192 

18 

*0000567 

19 

! *0000138 

20 

; *0000032 

21 

i *0000007 

22 

*0000001 


C»(9) 


-•9111303 
*3108818 
10U7575 
•2528724 
-•8180790 
-10709514 
-•4908616 
•3619291 
10940767 
1*7046603 
2*504651 
4 139524 
8*074134 ^ 

18*28863 ; 

46*79174 
132’4848 
409*5447 
1369*179 
4915*041 
18837*10 
76712*39 
330630*4 
1502966* 


1-0000000 ! 0 I 

1*0123457 I 1 I 
1*0384086 I 2 I 
1*0813561 i 3 I 
1 1472525 , 4 I 

1*2476118 ; 5 , 

1*4055701 j 6 
1*6723628 ! 7 

2*177146 I 8 
3*300904 I 9 
6*386745 i 10 
17*16046 I 11 
65*19594 12 

3344*745 ! 13 

21894*67 I 14 

I 
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ON TBi OAiomnoN or tutmimtuL tabus. 


Bmn2 Funetfau 0 / Ba^-ifUtgnl Ordfr— Mntbnud. 


n 

S»'(«) 

c '(9) 


n 

0 

—9111308 

•*4121180 

1*0000000 

0 

1 

'3007939 

- '1406727 

•9878066 

1 * 

2 

•9776200 

*0863801 

•9630307 

2 

3 

•2430780 

•9304667 

•9248561 

3 

4 

—7013906 

•6164631 

•8719763 

4 

6 

-^•8676491 

—2231060 

■8026912 

6 

6 

-•4021687 

-•7437103 

•7148366 

6 

7 

*1136518 

—7723620 

•6094370 

7 

8 

•3616007 

-•6106836 

•6034960 

8 

9 

•3616007 

-•6105836 

•6034960 

9 

10 

*2642368 

-1*0782848 

1-227334 

10 

11 

•1443867 

-2*664768 

6*647686 

” i 

12 

•0700338 

-6*626988 

43*90862 

12 

13 

•0299116 

-18-34277 

336-4581 

13 1 

14 

•0114697 

-54-49863 

2970090 

14 1 

15 

•0040027 

-174*0162 


1 

16 

*0012842 

-596-6946 



17 

•0003818 

-2176-682 



18 

•0001069 

-8460*902 


1 

19 

•0000276 

-34862*17 



20 

•0000068 

-161634*87 



1 21 

•0000016 

-694768-6 



! 22 

•0000003 

-3343287* 


... 


n 

Io*.[S»(9)] 

Log.[C,(9)] 


71 

0 

1-6160221 

1-9696804 

0-0000000 

0 

1 

i-9808761 

1-4926963 

•0063288 

1 

2 

2*9691684 

■0063623 

•0163683 

2 

3 

•0037484 

1-4029014 

•0339688 

3 

4 

1-8397137 

1-9127962 

•0696690 

4 

6 

isoims 

•0297698 

•0060795 

6 

6 

•0330930 

i-6909690 

■1478624 

6 

1' 

■0939634 

i-6686235 

•2233306 

7 

8 

i-0960444 

•0390477 i 

1 -3378876 

1 ^ 

9 

i-7983192 

•2316378 

1 -5186329 

0 i 

10 ! 

1-6274431 

•3987471 

•8052796 i 

10 

11 1 

r- 19721 13 

•6169604 

1*2346289 

11 ; 

12 j 

2-8167769 

•9070959. 

1-8142206 

12 i 

13 ; 

2-3926926 

1*2621811 

2*6243630 ; 

13 

14 1 

3-9294886 

1-6701692 

3*3403384 ; 

14 

16 1 

3-4312382 

21221659 



16 

1 4-9008836 

2*6123012 
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Besul Funeiimt of HaJ/.inf^ral.Oni^— continued. 


i « 




Log.[EnW 

1 n 

0 

r9595804 

I 1*6160221 

*0000000 

0 

^ 1 

i-4854280 

1*9757408 

f-9946719 

1 

2 

1*9901701 

2*9313568 

1-9836401 

2 

3 

1-3867467 

1*9687008 

f-9660737 

3 

4 

I -8469890 

1*7899070 

1*9406042. 

4 

5 

1’9383441 

*’6043974 


f-3486112 

1-9044943 

5 

6 


1*8714038 

1*8642069 

6 

7 

1-0551940 

1*8878209 

1*7849288 

7 

8 

1*5581092 

1*7857452 

1*7019951 

8 

9 

1*5581092 

1*7857462 

1*7019951 

9 

10 

1*4052385 

*0327335 * 

-0889627 

10 

11 

1*1595242 

*4073515 

•8160879 

11 

12 

2*8453070 

*8212607 

1*6425498 

12 

13 

2-4758399 

1-2634640 

2*5260309 

13 1 

u 

2-0595528 

1*7363848 \ 



15 

3*6023493 

2*2405896* 



10 

3*1086340 

2*7749508 . 






•!> 


n 

S (10) 

c«(10) 


n 

0 

--5440211 

—8390716 

1*0000000 

0 

1 

*7846694 

-•6279283 

1*0100000 

1 

2 

*7794219 

•6506930 

1*0309000 

n 

3 

- 3949584 

•9532748 

1*0647250 

Bl 

4 

-1*0558929 

*0165993 

1*1161862 

nl 

5 

-•5553451 

-9383354 

1*1888816 

nl 

8 

'4450132 

-1*0487683 

1 ’2979516 

0 

7 

1*1338623 

-4260633 

1-4663226 

7 

8 

1-2557802 

•4111733 

1-7460476 

8 

9 

1*0009641 

1*1240579 

2-266235 

9 

10 

*6460515 

1*7246367 

3*391409 

10 

11 

•3557441 

2*497469 

6*363907 

11 

12 

•1721600 


4*019643 

16*18716 

. 12 

13 

•0746558 

7*661637 

57*03279 

13 

14 

•0294108 

16-36978 

267*9704 

14 

15 

•0106354 

39*92072 

1693*663 

16 

16 

•0035590 

107*3844 



17 

•0011094 

314*4480 



18 

•0003239 

993*1834 



19 

•000089a 

3360*331 



20 

•0000231 

]21]2*n 



21 

•0000057 

46299*30. 



22 

•0000013 

186974-9 



23 

I 

•0000003 

796087*8 . 
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■» 

BeuA FmeUons of Half integral Onfor— Continaed. 


n 

s»'(io) 

C '(10) 

[E410)]» 

n 

0 

-•8390716 

‘5440211 

10000000 

0 

1 

-‘6224881 

-‘7762787 

•9901000 

1 

2 

*6287850 

—7580669 

‘9700360 

2 

3 

‘8979095 

•3647106 

-9392552 

3 

4 

‘0273987 

•9466351 

•8968684 

4 

5 

-•7782203 

‘4867670 

‘8416964 

6 

0 

-‘8223531 

-•3090745 

•7717916 

6 

7 

-‘3486904 

-‘7512239 

‘6859223 

7 

8 

‘1292381 

-‘7540019 

‘5852213 

8 

9 

‘3549126 

-•6004788 

-4865378 

9 

10 

‘3549126 

-•6004788 

‘4865378 

10 

11 

‘2547330 

-10226794 

1-110762 

11 

12 

1491522 

-2-326102 

6-432996 

12 

13 

•0751074 

-5-797486 

33-61647 

13 

14 

0334807 

-15-36805 

236-1167 

14 

15 

•0134676 

-43*61130 

1893 233 

15 

16 

0049410 

-131-8944 



17 

•0016730 

-427 1771 



18 

0005264 

-1473-282 



19 

‘0001549 

-6391-445 



20 

‘0000428 

-20863-88 



21 

0000112 

-86116-43 



22 

•0000028 

-366046-6 


I 

23 

*0000007 

-1641727- 






n 

Log. [ 8 ,( 10 )] 

Log. [C,(10)] 

Log.[B,(10)]* 


0 

i-7356168 

1-9237990 

•0000000 

0 

1 

1-8946867 

1*7979100 

-0043214 

1 

2 

1-8917726 

i-8133761 

•0132165 

2 

3 

f-5965614 

f-9792181 

•0272376 

3 

4 

0-0236199 

2'2200898 

•0473370 

4 

5 

f-7445630 

i-9723581 

•0761386 

5 

6 

1-6483729 

00206795 

-1132684 

6 

7 

•OS46604 

f-6284636 

-1662294 

7 

8, 

‘0989136 

f‘6140292 

-2420560 

8 

9 

‘0004185 

0-0607886 

-3651134 

9 

10 

i-8102671 

0-2366724 

-5303798 

10 

11 

1-6611378 

0-3976001 

-8037238 

11 

12 

i‘2359323 

0-6041873 

1-2091707 

12 

13 

2*8730639 

0-8780411 

1-7661246 

13 

14 

2-4686066 

1*2140428 

2-4280865 

14 

15 

2*0267649 

1*6011983 

3-2023961 

15 

16 

3-5613330 

2 0309414 



17 

3‘64e0910 

2*4975488 
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Bewl Funetum of Half-iniogral Orcler— continued. 


n 


Iiog. [C»‘(10)] 


** i 

0 

19237990 

i-7356158 

•0000000 

0 1 

1 

f-794131l 

1-8900177 

1-9956791 

1 

2 

] 7985024 

1-8797075 

i-9867879 

2 

3 

f'9632326 

r-5619484 

f-97 27836 

3 

4 

2-4377299 

f-0761826 

r9527289 

4 

5 

1-8911026 

1-6864270 

1-9251039 

5 

6 

1-9160583 

1-4900631 

1-8875001 

6 1 

7 

1-5424400 

1-8757693 

f-8362748 

7 ; 

8 

f-1113905 

1-8773724 

i-7673201 

1 8 1 

‘ 9 

i-5501314 

1-7784977 j 

f-6871163 

9 1 

10 

1-5501214 

1-7784977 1 

1-6871163 

10 ! 

11 

1-4060852 

0-0097396 5 

-0456210 

11 

12 

1-1736296 

-3666287 j 

-735039* 

12 ; 

13 

2-8756827 

•7632397 1 

1-5265521 

13 

14 

2'5247031 

1-1865623 1 

3-8731267 

14 

15 

2'- 1289691 

1-6386021 1 

3-2772041 

15 

16 

3'-6938116 

2-1202264 1 


1 

17 

3'-2235085 

2-6306079 


j 


Binary Canon, —-Report of the Committee ^ consisting of LI. -Col. 
Allan Cunningham, R,E. (Chairman), Prof. A. E. H. Love 
(Secretarij), and Major P. A. MacMahon, appointed for 
Disposing of Copies of the Binary Canon by presentation fo 
Mathematical Societies, 

The Committee have sent out fifty-eight copies of the above work 
to representative Mathematical Societies at home and abroad (thirteen 
and forty-five respectively) at a cost of 4?. 95., as per enclosed account, 
and return now the unexpended balance of eleven shillings. 


Dynamic Isomerism,— Report of the Committee, consisting oj 
Professor H. E. Armstrong (Chairman), Dr. T. M. Lowry 
(Secretary), Professor Sydney Young, Dr. C. H. Desch, 
Dr. J. d. DoBBii?, and Dr. M. O. Forster. (Drawn up by 
the Secretary,) 

Anomalous Rotatory Dispersion, 

During the year much justification has been found, for the view 
expressed in the Report presented at Birmingham ' that a knowledge 
of the phenomena of dynamic isomerism is essential forirhe interpreta- 
tion of optical rotation, especially in the case of liquids which show 
anomalous rotatory dispersion,* and that * the study of rotatory 
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dispersion will open up a new and fruitful field for the investigation of 
dynamic isomerism. ’ The importance of this aspect of the subject is 
shown by the conspicuous part which it played in a general discussion 
on * Optical Eotatory Power,’ held before the Faraday Society on 
March 27, 1914, to which the Chairman and Secretary of this Com- 
mittee contributed papers. Preliminary experiments, which will be 
described in a subsequent Eeport, have shown (1) that ethyl tartrate, 
the typical example of anomalous rotatory dispersion, is probably a 
mixture, and (2) that nitrocamphor, the typical example of dynamic 
isomerism, gives rise to anomalous rotatory dispersion in certain 
solvents. 

Dynamic Isomerism^ Metamerism, Tautomerism, and Desmotropy. 

Attention has recently been directed {Proc, Chem, Soc., April 4, 
1914) to the importance of maintaining strict accuracy in the use of 
terms to describe the phenomena of reversible isomeric change. 

Briefly, it may be said that all the essential facts in reference to 
the conception of equilibrium between isomerides are set out in 
Butlerow’s classical, but almost forgotten, paper, ‘ Ueber Tsodibutylen ’ 
(Annalen, 1877, 189, 44). The name dynamic isomerism was intro- 
duced in 1899 (Trans. Chem. Soc., 78, 235) as a paraphrase of Butle- 
row’s description of * a condition of equilibrium depending on incessant 
isomeric change but the adjective isodynamic had already been sug- 
gested by Armstrong in 1889 (Watts* Dictionary, * Isomerism *) to 
describe those isomerides ‘which change their type with exceptional 
facility in the course of chemical interchanges. ’ The word metameric 
had been used in this sense in 1833 by Berzelius to describe isomerides 
which were readily converted into one another, but the usefulness of 
the word was destroyed by a misguided attempt to transfer it to another 
usage. 

The hypothesis of tautomerism was introduced by Laar in 1885 
(Ber. 18, 648 ; 19, 730) to account for the facts which had already (a? 
time has shown) been explained adequately by Butlerow. Laar asserts 
that, in every case of tautomerism, the different formulie suggested 
by the reactions of the substance represent, ‘ not isomeric, but identical 
bodies ’ ; the term cannot, therefore, be applied to any case of isomer- 
ism, however readily the isomerides may be converted into one another. 

It is impossible to say whether tautomerism exists; but it has at 
least been proved by the work of Knorr that the two substances repre- 
sented by the formula 

CH 3 CO*CH,-0O2Et and GH 3 -C(OH) :CH CO,Et 

are not tautomeric, but have a real existence as well-defined isomeric 
ccttnpounds, which only change into one another under definite physical 
and chemical conditions. 

The word desmolropy was introduced by Jacobson (Ber, 1887, 20, 
1732, footnote ; 1888, 2i, 2628, footnote) in 1887, when it had become 
evident that Laar’s theory of tautomerism had broken down in the 
very case to which it had been most frequently applied, namely, the 
labile isomerism which results from the contiguity of a double bond 
and an acidic hydrogen atom. Jacobson considered ‘that the known 
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forms of such compounds are to be represented by a definite grouping 
of atoms, which in certain reactions passes over into an isomeric group- 
ing by a rearrangement of bonds consequent upon the displacement 
of a hydrogen atom ’ ; it was to express this view that the word ' desmo- 
tropy ’ was introduced. It used in this sense, to describe the labile 
isomerism produced by the mobility of a hydrogen atom, it might be 
of real value; unfortunately the meaning of the word was tampered 
with by Hantzsch and Hermann (Ber. 1887, 20, 2802), and, as an 
inevitable consequence, it has become ambiguous, and has ceased to 
be clearly significant. 

Nearly all the cases to which the word ‘ tautomerism ’ has been 
misapplied in recent years are examples of isomerism pure and simple, 
the only special feature being the fact that the isomerides can be 
converted into one another with greater or less ease. Tt is therefore 
very rarely necessary to >ise any other words than ‘ isomerism ’ and 
' isomeric change ’ to describe the phenomena. Isomeric compounds 
which owe tlieir lability to a mobile hydrogen atom might well be 
distinguished as ‘ desmolropic ’ but for the ambiguity arising from the 
ill-advised action of Hantzsch in attempting to extend the meaning of 
this term. At the present time the least ambiguous phrase that can 
be used to distinguish ethyl acefoacetate and its allies from the very 
much larger group of substances which exhibit ‘ dynamic isomerism ' 
or reversible isomeric change is to refer to them as examples of ‘ keto- 
enol ’ isomeinsm, and in otlier cases to use some similar specific name, 
describing the nature of the two compounds between which a condition 
of equilibrium may exist. 

Isomeric Halogen-derivatives of Camphor. 

Another fruitful, though expensive, line of research has been opened 
out- during the year by applying the process of dynamic isomerism to 
the preparation of new halogen-derivatives of camphor. A new 
isomeride has been prepared from a*chlorocamphor by acting on it 
-with alkali, in order to produce a condition of dynamic isomerism in 
the liquid, and then arresting the isomeric change, by the addition of 
acid. On freezing the alcoholic solution, most of the.original substance 
crystallise's out, and the mother-liquor contains the isomeric a-chloro- 
camphor. This melts at 117® (instead, of 94®) and has ro]p+41® 
(instead of +97®). As the new compound can be prepared readily 
on a large scale, it promises to be of great value in studying the type 
of dynamic isomerism in which a cataivtic .'igent miist be added 
deliberately in order to bring about a condition of equilibrium between 
isomers. The whole series of compounds which is now under investi- 
gation will provide valuable data for the study of dynamic isomerism 
and rotatory dispersion, and for the elucidation -of the crystallographic 
structure of the camphor molecule. 

The Committee asks for reappointment wHh a grant of £40. An 
increased grant is asked for to cover the heavy cost of the organic 
preparations referred to in the last section of the Import. 
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The Transformation of Aromatic Nitroamines and Allied 
Substances, and its Relation to Substitution in Benzene 
Derivatives, — Report of the Committee, consisting of 
Professor P. S. Kipping (Chairman), Professor K. J. P. 
Orton (Secretary), Dr. S. Etjuemann, and Dr. J. T. 
Hewitt. 

The Acefylation of A^nlines by Acetic Anhydride in the presence of 

Catalysts. 

(With W. H. Gray, M.Sc.) 

The accelerating action of catalysts on the interaction of acetic anhy- 
dride and hydroxy- groups has long been know n : it w^as first observed 
by Pranchimont^ in the acetylation of cellulose, and was later noted 
by numerous observers.* That catalysts had a similar effect in the 
action of acetic anhydride on the amino- group seems, however, to 
liave been overlooked until Smith and Orton* made the discovery that 
negatively di-ortho- substituted anilines, such as s-tribromoaniline, can 
be acetylated at great speed at the ordinary temperature in the presence 
of sulphuric and other acids. 

Such anilines are particularly suitable for such an investigation as 
they react very slowly indeed wdth acetic anhydride at the ordinary 
temperature, and at higher temperature mainly yiefd diacetyl deriva- 
tives, Ar-NACg ; in the presence of a catalyst at low temperatures they 
yield, on the other hand, the monoacetyl derivative. Anilines wdth 
one ortho- position unoccupied form monoaceiyl derivatives with such 
extreme ease that the presence of an acid is of no advantage, but, on the 
contrary, inhibits the reaction, most probably by forming stable sails 
which do not react with acetic anhydride. 

Such salts as sodium acetate have long been known as catalysts of 
the acetylation of phenols. We have found that various salts have 
a similar effect in the case of amines. Ferric salts are as pre-eminent 
in this capacity as in the bromination of acetic anhydride and other 
compounds, which we are investigating. 

An early attempt (Smith and Orton, loc. cii.) to throw light on the 
mechanism of such catalyses, using s-tribromophenol, demonstrated 
that acids varied greatly in catalytic effect; that the change was a re- 
action of the second order; that the speed was proportional to the 
concentration of the catalyst. 

To follow quantitatively the interaction of acetic anhydride and a 
di-ort.ho negatively substituted aniline has proved a very difiScult 
jmaftor. The small capacity for foiming salts, which is an advantage 
in following the effect of acid catalysis on acetylation, is a barrier to 
the estimation of unchanged aniline by the diazo- method. Moreover, 
the slowness wjth which the anilide is hydrolysed equally prevents 
estimation of the extent of acetylation. 

' Compt. rend. se.ru. 

* Skraup, MonaUh. 1808, 18, 458 ; Preyss, Bull, Soc. Ind. Mvlhouse. 1899, 44 ; 
J. Thiole, Ber. 1898, 81* 1249: 0. StilHcb, Ber. 1903, 86* 3115; 1905, 88,124; 
J. Boeseken, Beeueil dea Trav. Chtm., 1911, 81, 350. 

* Tram. Ohm. Soc. 1908, 98, 1243 ; 1909, 95, 1060. 
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A most excellent method has now been devised for determining ^ 
amount of unchanged aniline. This consists in stopping reaction 
by adding anhydrous sodium acetate, equivalent to the acid catalyst, 
followed oy some excess of an acetic acid solution of nitric acid. T^e 
aniline , is rapidly and quantitatively converted into a nitroamine 
(Orton**; W. H. Gray*). The nitroamine is completely extracted 
from the diluted solution by shaking three times with chloroform, and 
its quantity measured by titration of its alcoholic solution witli ba^a. 
The composition of the system could also be checked by direct estima- 
tion of the remaining acetic anhydride by the method devised by Orton 
and M. G. Edwards,® and amplified by Orton and Marian Jones.^ 
The amount of anhydride found at a given period of the reaction corre- 
sponded well with that calculated from the initial concentration on 
the assumption that the loss of anhydride was solely due to acetylation. 
The accuracy and the refinements of this method of analysing the 
system are mainly due to the exhaustive experiments of Mr. W. H. 
Gray ® on the stability of nitric acid in acetic acid Kolution and allied 
problems. The error in the estimation of the nitroamine in an acetic 
acid solution is not above i per cent., whilst the error in the determina- 
tion of the aniline by conversion into nitroamine falls below 1 per cent. 

The velocity coefficients for a reaction of the second order are re- 
markably constant, in .spite of the complicated and intricate analyses 
by which they are obtained. 

Illustrations of the results are given in the following table: — 
Exp. A. Initial concentrations: — 5-tribromoaniline, 0‘04; acetic anhv- 
dride 0‘04 x 3*83 ; H.SO, =M/363-8. 


Percentage aniline 

Time from mixing. acetylated. Kn. 

Min. 

41 17-52 0-031 

86 31*5 0030 

146 4814 0 031 

240 69-92 0-037 

Exp. B. 5-tribromoaniline, 0’02; acetic anhydride, 0*02x7*08; 
H,SO,=M/363*8, 

Min. 

60 38-19 0-053 

157 69-65 0-069 

283 90-05 ' 0-064 

Exp. C. s-tribromoaniline, 0*02; acetic anhydride, 0*02x7*08; 
H,SO,=M/727*6. 

Min. 

40 17-25 0-032 

87 28-55 0-026 

142 40-3 0-025 

240 - 61-3 0-028 


Since in the presence of sulphuric acid the anhydride is immediately 

^ Trans, Chem. 8oc, 1902, 81> 490. 

® Thesis svbmiUed to the University of Wales, 1914. 

^ Trans, Chem. Soc. 1911,99, 1181. 

" Trans, Chem. Soc. 1912, 101, 1716. 

^ Loc, eit,, and Analyst, 1912, 87, 303. 
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hydroly^ by water in the acetic acid medium, the initial concentration 
was arrived at by deducting an amount equivalent to the water £rom 
tiie anhydride used. 

The experiments have led to some very interesting results 

1. The reaction is of the second order; the value of the expression, 

r* approximately halved by doubling the dilution. 

2. Tm speed is approximately proportional to the concentration of 
the catalyst when the concentrations of the aniline and anhydride are 
kept constant. 

3. A very remarkable effect was produced by variation of the 
concentration of the aniline, when anhydride and catalyst are kept 
constant. It would be expected that the speed of acetylation would fall 
on decreasing the concentration of the aniline; on the contrary, how* 
ever, the speed increases. A comparison of experiments A and B 
shows that on halving the concentration of the aniline the speed is 
roughly doubled. The most obvious explanation of the observation 
is that the acid catalyst is partly combined with the aniline. Such a 
Balanced action would follow the equation of equilibrium: — 

[Aniline] [U^Oi] = K [anilinium salt]. 

Since the proportion of the acid, and therefore of the salt, is very 
small in comparison with that of the aniline in these systems, the 
concentration of the acid is roughly inversely proportional to that of 
the aniline. The concentration of the free acid (or perhaps acid salt) 
is the dominant factor in the reaction, and hence the effect (if there 
be one) of the decrease of the aniline is completely concealed. This 
suggestion is made more probable by the effect of simultaneous reduc- 
tion of the concentration of both acid and aniline ; the velocity of acety- 
lation is scarcely changed (Exp. 0). It appears, then, that the speed 
of acetylation is independent (within certain limits) of the concentra- 
tions of the acid and aniline, provided that these quantities remain in 
the same ratio. 

The action of the catalyst probably lies, as has been frequently 
suggested, in producing an * active modification ’ of the acetic anhy- 
dride, which alone reacts with the aniline. The evidence, so far as it 
goes, points to the reaction of the anhydride and catalyst being momen- 
tary, whilst that of the ‘ active ’ form and the aniline is a time reaction. 
Too much stress cannot be put upon the fact that the reaction was of 
the second order, for the excess of anhydride was considerable. The 
combination of the acid with the aniline, moreover, obscures the issue, 
and renders a decision difficult with an acid catalyst. 

A complete account of this research will be published in one of 
the usual chemical journals. 



108 REPOBTS ON THE STATE OF SCIENOE— - 1914 . 

The study of Plant Enzymes, partieularly with relation to. 
Oxidation.— Third Report of the Committee, consisting of 
Mr. A. r>. Hall {Chairman), Dr. B. F. Armstrong 
{ Seerdanj ), Professor H. E. Armstrong, Professor P. 
Kekblk, and J)r. E. J. Russell. 

Work is being continued along the lines indicated in {oriner reports. 

Tiie further investigation of the distribution of oxydases (pei*- 
oxydase) in the flowers of Primula sinensis has led to the discovery 
that in certain wliite-flowered races whicli breed true to whiteness 
the peroxydase has a defiTiite zonal distribution. Such white-flowered 
races, wlien crossed with coloured forms, yield in the Pj generation 
a certain number of plants having flowers which exhibit a colour pattern 
of a similar zonal character. Hence this pattern may be referred to 
a lack of uniformity in distribution of the peroxydase constituent of 
the coloui’-forming mechanism, not of the chromogen. This investiga- 
tion has involved the study of a large number of plants of known 
genetic constitution and of their progeny ; it may be expected that 
eventually it will throw light on the phenomena of flaking and colour 
pattern in flowers. 

Concurrently with the study of the distribution of oxydases in 
plants, the occurrence of reductases has also been investigated, using 
this term as a general expression for substances which exert a re- 
ducing action. After many trials, partial success has been achieved 
by the discovery of agents indicative of such compounds, and evidence 
of the zonal distribution of reductases has been obtained. 

A general summary of the bearing of chemical observations on 
genetic constitution and the relation of enzymes to colour inheritance 
in plants was given before the Linneaii Society in March, when it 
was particularly pointed out that, in life, interaction takes place 
between substances in pairs, the one being oxidised and the other 
reduced. Consequently the same interaction is often recorded whether 
oxydase or reductase be indicated by the agent used. This conception 
materially simplifies the study of the oxidative changes in plants. 

The formation of red pigments from yellow flowers by reduction 
and subsequent oxidation described in the last report has been further 
studied during the year. To elucidate the precise nature of the change 
by working with material of known structure, the experiments were 
extended to quercetin, which has been reduced under a variety of 
conditions. As a rule, colourless compounds are formed which become 
red on exposure to the air or on the addition of hydrogen peroxide. 
The pioblcm has been investigated independently at Beading by 
A. E. Everest (‘ The Production of Anthocyanins and Anthocyanidins, * 
Proc. Roy. Society, 1914, 87 B. 144), who flnds that the change from 
yellow to red may be effected by reauction alone, and, that reduction 
takes place quite readily without the occurrence of hydrolysis. As 
Willstatter has now directed his attention to the chemical structure 
of the anthocyanic class of pigments, it is not proposed to continue 
the research in this direction. 

A study has been made of the rate at which various carbohydrate 
solutions are able to decolourise* methylene blue in alkaline solution, 
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ss ibis method is of value in discriminating between, glucose and 
fructose (compare Muster and Woker, Pfiugers Archiv, 1913, 166 , 92). 
On adding a few drops of methylene blue to a freshly prepared solution 
containing one per cent, of the carbohydrate, together with half of one 
per cent, of solution of sodium hydroxide, the blue color is almost 
immediately discharged in presence of fructose, but only after a certain 
interval — 16 minutes — by glucose. After standing, the glucose solu- 
tion acts much more rapidly, whereas the fructose is less active than 
at first. Most probably the active agent is the enolic form common 
to Both sugars; as Lobry de Bruyn was the first to show, this is 
formed from both by the action of alkali. The possibility of the 
formation of fructose from glucose and vice versa in this manner in 
the plant must not be overlooked. The methylene blue test has been 
applied to a number of carbohydrates, so as to compare their rela- 
tive rates of enolisation. Indigo-blue solution, which changes from 
green to red, and finally to yellow, as it is reduced, is an equally 
sensitive agent. In all cases, agitation with air restores the colour; 
the colour is not destroyed in faintly acid solution. 

The behaviour of lipase has been further studied during the year. 
It has been shown that synthesis takes place under the influence of 
the enzyme to the greatest extent in the absence of all but traces 
of water, and that the presence of even a small proportion of water 
greatly favours action in the reverse direction.^ 

In view of the presence of ammonia in the nodular growths appear- 
ing on the roots of Leguminosae, it appeared probable that 
the enzyme urease would be found in these. It has been detected 
in the nodules from luipins and a number of other Leguminos®. 
Attempts to detect the enzyme in organisms cultivated from the 
nodules have thus far been attended with negative results. 

Mr. Benjamin, working at the Hawkesbury Agricultural College, 
near Sydney, Australia, has detected urease in nodules from several 
Australian plants, including wattles; also on tubercles derived from 
the Cycad Macrozamia spiralis. He has found urease also in the seeds 
of Abrus precatorius. 


Correlation * 0 / Crystalline Form with Molecular Structure . — 
Report of the Committee, consisting 0 / Professor W. J. Pope 
(Chairman), Professor H. E. Armstrong (Secretary) , Mr. 
W. Barlow and Professor W. P. Wynne. 

The following communications have been made to the Royal Society 
during the year: — 

Morphological Studies of Benzene Derivatives. V. The Correlation 
of Crystalline Form with Molecular Structure: A Verification of 
the Barlow-Pope Conception of Valency-Volume. By Henry E. 

^ Proc. Boy.JSoc. 1914, Series B, * Studies on Enzyme Action,* xxii.. Lipase (iv.) 
* The Correlation of Hydrolytic and Synthetic Activity,' by Henry £. Armstrong and 
H. W. Gosney. 
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Armstrong, B. T. Colgate and E. H. Bodd. Proc. Boy. Soc., 
Series A, Vol. 90, pp. 111-173* 

VI. Parasulphonic derivatives of Ohloro-, Bromo-, Todo, and Cyano- 
benzene. By 0. S. Mummery, B.Sc. 

VII. The Correlation of the Forms of Crystals with their Molecular 
Structure and Orientation in a Magnetic Field in the Case of Hydrated 
Sulphonates of Dyad Metals. By Henry E. Armstrong and E. H. 
Eodd. 

In the first of these it is shown that the method of treatment 
introduced by Barlow and Pope is applicable to a large number of 
derivatives of benzenesulphochloride or bromide of the formula 
CgHjRa . SOjCl, R being an atom of halogen. When equivalence 
parameters are calculated from the axial ratios and the valency volume, 
in nearly thirty cases the values found of two of the parameters are 
all but identical with those of the corresponding parameters of benzene, 
the third parameter being increased by the same amount beyond the 
benzene value by the introduction of the sulphonic radicle. Hence 
it is to be supposed that the lialogens have the same relative valency 
volume as liydrogen in all the compounds considered. Numerous 
other cases are quoted in support of the conception of valency introduced 
by Barlow and Pope. 

In the second communication data are given for various derivatives 
of benzenesulphochloride containing but one atom of halogen. It is 
shown that these fall into line with the di-derivatives. 

In the third attention is called to crystallographic peculiarities 
presented by substituted benzenesulphonates of dyad metals and a close 
relationsliip to corresponding toluenemephonates is established. The 
influence of water of crystallisation is considered. 

Attention is specially directed also to the peculiar behaviour of 
certain isomorphous 5alts of iron, cobalt and nickel in the magnetic 
field. When suspended similarly in either of two axial directions, 
corresponding isomorphous iron and cobalt salts always act along 
crystal logi’aphic axes at right angles to each other. Nickel salts 
behave like cobalt salts when suspended in the one axial direction, 
like iron salts when suspended in the other. Apparently the difference 
in the behaviour of the various salts is to be referred to magnetic 
peculiarities in the metallic atoms. 


Study of Solubility Phenomena,— Interim Report of the Com- 
mittee, consisting of Professor H. E. Armstrong {Chairman) ^ 
Dr. J. Vargas Eyre (Secretary), Dr. E. F. Armstrong, 
Professor A. Findlay, Dr. T, M. TjOwry, and Professor 
W‘. J. Pope. 

Much of the time since the appointment of this Committee has been 
devoted to setting up the required apparatus and getting it into working 
order in a new laboratory. Materials have been purified and work 
has been done to ascertain within what limits solubility determinations 
were trustworthy under the new conditions. 
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Preliminary triab have been made tq ascertain the influence of 
isomeric alcohols on the solubility of salts in water at 25° C. Small 
differences have been observed in the precipitating effect of the butylic 
alcohols, and work is now in progress to determine the variations in 
solubility of the chlorides of potassium, sodium and ammonium brought 
about by the addition of small quantities of the isomeric propylic, 
butylic and amylic alcohols. 

It is desired that the Committee be reappointed. 


Erratic Blocks of the British Isles. — Report of the Committee, 
consisting of Mr. B. H. Tiddeman (Chairman), Dr. A. B. 
Dwebrvhousb (Secretary), Dr. T. G. Bonnby, Mr. F. W. 
Habmer, Bev. S. N. Harrison, Dr. J. Horne, Mr. W. 
Lower Carter, Professor J. W. Sollas, and Messrs. W. 
Hill, J. W. Stather, and J. H. Milton. 

The Committee reports tliat owing, probably, to the early date of 
the meeting no lists of erratics have been contributed during the year, 
and in consequence no part of the grant has been expended. 

The Committee seeks reappointment with a grant of 51. 


The Preparation of a List of Characteristic Fossils. — Second 
Interim Report of the Committee, consisting of Professor P. 
F. Kendall (Chairman), Mr. W. Lower Carter (Secretary), 
Mr. H. A. Allen, Professor W. S. Boulton, Professor G. 
Cole, Dr. A. B. Dwerryhouse, Professors J. W. Gregory, 
Sir T. H. Holland, G. A. Lebour, and S. H. Beynolds, 
Dr. Marie C. Stores, Mr. Cosmo Johns, Dr. J. E. Mark, 
Dr. A. Vaughjvn, Professor W. W. Watts, Mr. H. Woods, 
and Dr. A. Smith Woodw.^rd, appointed for the considera- 
tion thereof. 

No meeting of the Committee was held during the year, but numerous 
suggestions for a list of fossils were received. From these a provisional 
list was compiled by the Seoretaiy, and uncorrected were printed and 
circulated. This provisional list, when revised, will, it is hoped, form 
the basis for the publication of an amended list of fossils next year. 
The Committee ask for reappointment with a grant of £10. 


Geology of Ramsey Island, Pembrokeshire. — Final Report of the 
Committee, consisting of Dr. A. Stb.ahan (Chairman), Dr. 
Herbert H. Thomas (Secretary), Mr. E. E. L. Dixon, Dr. 
J. W. Evans, Mr. J. F. N. Green and Professor 0. T. Jones. 

The Committee have to report that the grant made to them in 1913 to 
aid Mr. J. Pringle in continuing his reseaiehes in the west of Pembroke- 
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fthire has been spent. They have also to report that the detailed 
mapping of the island has been completed. The examination of the 
rocks and fossils which have been collected will be proceeded with. 

For the purpose of description the island can be divided conveniently 
into two areas — a northern area composed of Jjingula Flags, Arenig 
mudstones and shales, Ix)wer Llanvirn, and the intrusive mass of Cam 
Ysgubor; and a southern area of lx>wer Llanvirn shales with inter- 
bedded tuffs and rhyolites, and a thick mass of intrusive quartz- 
porphyry. To the latter area belongs the mass of rhyolitic and brecciated 
tuffs of Cam Llimdairi. 


Northern Area. 

lAngula Flags. — The Lingula Flags consist of bluish-grey flaggy, 
micaceous shales witli ribs of hard grey close-grained sandstone, some 
of which reach a thickness of two feet. They occupy the headland 
of Trwyn Drain-du, and they extend eastwards to Bay Ogof Hen, while 
on the eastern side of the islaiid they form the cliffs from the north- 
east corner to Hoad Uchaf. The Flags also occur in the headland t-' 
the south of Abermawr, They are highly fossiliferous, and yield Lingu^ 
lella davisi hi great abundance. 

Arenig. — All the zones of the Arenig aix> present. The lowest beds 
are bluish-grey sandy mudstones and shales with Ogygia sehvijm, Orthh 
proavaj and 0, vicnapia. They are confined to the north-east corner 
of the island, and are faulted against the Lingula Flags. The mud- 
stones are followed by bluish -black shales belonging to the Extensus 
Zone, and arc well displayed in the cliSs at Eoad Uchaf and Eoad Isaf. 
Similar shales belonging to the Hiruudo Zone are present in Abermawr. 

Loner Llanvirn. — The ba.se of the l ower Llanvirn is seen only in 
the cliffs in Abermawr, where the shales of the Hirundo Zone are 
succeeded by a thick series of hard dark- and light-coloured tuffs of fine 
texture, which yield Didymograpfus bifidus in their highest beds. The 
tuffs are followed by fossiliferous blue-black shales, but their full 
thickness is nob seen in the northern area. 

Intrusive Rocks. — Cam Ysgubor is formed of an intrusi\e mass of 
quartz-albite-diabase, which has invaded the sediments of Ix)wcr Llan- 
virn, Arenig, and Lingula Flags, A small intrusion occurs south of 
Abermawr, where Lingula Flags are in contact with a quartz-kerato- 
phyre. 

Southern Area. 

This area was described in the first report, in which it was shown to 
be composed of D. bifidus shales which had been invaded by a thick 
mass of quartz-porphyry. The shales, well, displayed in the cliffs 
of Forth .Llauog and Foel Fawr, are highly fossiliferous, and a large 
collection of graptolites has been made from them. They contain 
layers of coarse agglorneratic tuff, and at Foel Fawr pass upwards 
into thick beds of tuff which are conformably overlain by grey rhyolites. 
The tuffs and conglomerate on Oani Llundain belong to the same period 
of eruption. 
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The two points of interest, therefore, which were made the object 
of mapping the island have been successfully solved. It has been found 
that the so-called Tremadoc beds are Arenig sediments, and that they 
do not pass downwards into the Lingula Flags, but are brought against 
them by a fault ; also that the rocks hitherto regarded as pre-Carnbrian 
belong to a period of igneous activity that occurred in Lower Llanvirn, 
or even later, times. 

It is hoped that the full description of the district will be completed 
this year, and it is the present intention of Mr. J. Pringle to com- 
municate the results of his investigations to the Geological Society of 
London. 


The Old lied Sandstone Rocks of Kiltorcan, Ireland, — Interim 
Report of Committee, consisting of Professor Grenville Cole 
{Chairman), Professor T. Johnson (Secretary), Dr. J. W. 
Evans, Dr. 11. Kidston, and Dr. A. Smith Woodward. 

Owixo to the early date at which this year's lieport is required, and 
the absence of Professor Johnson at the Australian Meeting, it is im- 
possible to utilise the funds available for field-work, which normally 
is carried on during the long vacation. 

Your Committee asks for its reappointment, and for the renewal of 
the grant of 102. not utilised in 1913-14, together with the unexpended 
balance of 92. odd. 

Two papers have been published during the past year : — T. Johnson : 
1. (Hnkgophyllum Kiltorkense sp. nov. ; 2. Bothrodendron Kiltorkense 
liaught. sp., itsStigmaria and Cone (‘ Sci. Proc., B. Dublin Society,* 
vol. xiv.). 


Stra I {graphical Names, — Interim lieport of the Committee, con* 
sisfhig of Dr. J. 1^. Mark (Chairman), Professor Grenville 
Cole, Mr. Bernard Hobson, Dr. J. Horne, Professor 
TjEbour, Dr. A. Strahan, Professor W. W. Watts, and 
Dr. F. A. Bather (Secretary), appointed to consider the pre- 
paration of a List of Stratigraphical Names used in the British 
Isles, in connection with the Lexicon of Stratigraphical 
Names in course of preparation by the International Geological 
Congress, 

At its Meeting in Stockholm, 1910, the International Geological Con- 
gress appointed a Committee to prcKluce a ‘ Lexique international de 
Stratigraphic.* The convener of this International Committee is 
Dr. laikas Waagen, of Vienna, and the Secretary of the present Com- 
mittee had the honour of being appointed representative of Great 
Britain. 

Before the Meeting of the International Geological Congress in 
Toronto, 1913, various proposals w’ere discussed bv the members of 
1914. “ I 
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the liiteniatioual Coaimiitce) and a provisional lleporl was laid before 
the liitei'iiational (Jongress. Unfortunately neiUier Dr. Waageii nor 
Dr. Bather were able to attend the Congress in Toronto, and up to the 
date of writing tliey have received no official communication from the 
officers of the Congress. It is, however, understood that the Congress 
can grant no subvention to aid the work. 

The situation, therefore, may be thus summarised: — The Inter- 
national Congress has ap}X>int«cd a Committee to produce a laborious and 
costly work of undoubted value to all interested in Geology and the 
allied sciences. There arc no funds for this purpose. The details 
of the scheme, even if decided on at the Congress, are not yet known 
to the present Committee of the Association. 

Consequently your Committee has been unable to talso any steps, 
although some of its members have made note of stratigraphical names 
observed in the course of their ordinary work, and arc prepared to 
continue this practice and eventually to place such material at the 
disposal of the International Committee. Your Committee is, however, 
w’cll aware that the search for names must be conducted systeinaticr ily, 
and it considers that funds will L»e- needed to pay seairliers and com- 
pilers. A grant is not asked for at present, merely Ijecausc it is not yet 
possible to draw up a plan of operations. 

The fact that this Bejwt will be presented to the Association when 
meeting in Australia leads your Comniittee to point out that it has 
been appointed to consider names used in the British Isles, and that 
no provision has yet been made lor Wic other constituents of the British 
Biny/ire. As regards India, indeed, the work \iasbeou acconipVislicd hy 
Sir Thomas Holland and Mr. G. II. Tipper in Iheir ‘ Indian Geological 
T’onninolngy.’ ^ But it is desiv.dde tliat other Couuniltees should he 
formed, and the }>resent < Mansion seems appropriate for the establish- 
ment of one to (leal with Au.^tralasia. Any such Coimni(l(M*s w’ould 
conununicale directly with Dr. L. Wangen (K.k. geolog. KeiclisanstaJt, 
Wien). 

Your Committee asks for its reappointment, for tin? pic.seiit without 
a grant. 


Fanmt and Fl<fra of the Trias of the Westerv MidUimls.—Iicport 
of the Commiffec, consistmj of Mr. G. Bakrow {Chairman), 
Mr. L. J. Wills {Secretanj), Dr. J. Hi’Muureys, Air. W. 
Camubwll Smith, Mr. D. M. 8. Watson, and Prof. W. W. 
Watts. 

This Committee regrets that owing to the early date at which the 
report has to be submitted this year, very Slight progress has been 
made with the digging ojierations in Warwickshire and Worcestershire. 
Some hundred and more specimens liave been obtained from the 
Aiden Sandstone at Shellield, near Alcester, and Hunt End, near 


* Mem* Geol, Surv, ludia, vol xliii.. Part 1, 1913. 
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Eedditch, including the bones and teeth of Labyrinthodon , teeth of 
Polyacrodus and Phcebodus (?), plant remains, &c. 

Permission has already been obtained to work in the famous Coton 
End Quarry at Warwick, and arrangements made for further digging 
at Shelfield should the grant be renewed. It is felt that the chief 
difficulty is the discovery of productive fossil! ferous horizons, and then 
the arrangement for labour in scattered and often secluded localities. 
The larger part of the money so far spent has been in travelling 
expenses in this connection. 


The Lower Palceozoic Rocks of England and Wales. — Report 
of Ihe Coynmittee, consisting of Prof. W. W. Watts (Chair- 
man), Prof. W. Cr. Feahnsidks (Secretary), Prof. W. S. 
Boulton, Mr. E. S. Cobbold, Mr. V. C. Illing, Dr. C. Lap- 
WORTH, and Dr. J. E. Mark, appointed to excavate Critical 
Sections therein. 

Nuneaton Area. — Mr. V. C. Illing reports that during the winter of 
1013-14 and the ensuing spring, systematic trenching was begun 
across the outcrop of the Abbey Shale division of the Slockingford 
Shales. By the kind permission of Mr. Phillips, of Ansley Hall, the 
work was carried out in the Hartshill Hayes. A trench, thirty yards 
long, two feet wide, and three feet deep, was made in the direction of 
the dip of the shales, and cross trenches were cut along the strike 
of nine of the beds richest in fossils. In some cases these latter 
trenches were cut to a depth of ten feet. About thirty yards away, 
in the direction of the strike, a second trench was cut across the out- 
crop, and, in addition to the discovery of further types of fossils, 
evidence was obtained of lateral changes in lithology. Some five 
thousand specimens were obtained, chiefly of trilobites, ranging over 
some fifty different species. These indicate a fauna corresponding to 
that of the Upper Solva Beds and the Lower and Middle Menevian 
Beds, i.c. the zones of Conocoryphe exsulans, Ag)ws1vs parvifr^n.^, 
Gonocoryphe cequalis (?), and Paradoxules davldis. of Sweden, and the 
zones of P. aurora, P. hicksii, and P. davidis, of South Wuleff. In 
addition new links have been found betiveen the fauna of this area 
and that of the corresponding hods in Bohemia, three of the forms 
being new to Britain. The fossils are being described and phofo- 
graphed, and a paper on the subject will be presented to the Geological 
Society. 

Comley Area, Shropshire . — ^Mr. E. S. Cobbold reports that exca- 
vations have been begun in the Cambrian Rocks of the Comley area, 
but no report of the results is yet possible. 

The Committee asks for reappointment with a grant of 15/., which 
would include the unspent portion of this year’s grant. 


i2 
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Tlte Upper Old Ked Sandstonr of Dura Deu. — Deport of the 
Committee, consisting of Dr. J. Horne (Chairman), Dr. 
T. J. jKHi' (Secretary), Mr. II. Bolton. Mr. A. W. B. Don. 
Dr. J. S. Flktt, J>r. M. N. J^each, and Dr. A. SAi/rif Wood- 
ward, appointed to conduct the further exploralion thereof; 
xciih rt separate report by Dr. Sajitii \Vooj>ward on the 
Fish Remains. 

Since the preliminary report \va.s presented at the Birmingham 
greeting the excavations for fossil lislies at Dura Den have been com- 
pleted and the ground has been levelled. The C'ommittee desire 
again to acknowledge tlie courtesy of Mr. Bayne-Meldriim, of 
Bahnungo, the ])roprietor, who gave great facilities for eairying out 
the operations. Tliey wisli also to expre.ss their obligiMons to Air. U 
Dunlop, from nunferiiiline, who superintended the work on the. spot 
and who took a series of excellent photographs ot the best specimens 
of fossil fishes. 

At the outset brief reference may he made to the geological struc- 
ture of the ground near Dura Den. Strata of Upper Old Red Sand- 
stone age underlie the long depression of the ifowe of Fife, which 
ranges westwards from St. Andrews Bay, between tlie slopes of the 
Ocliil Hills on the north and the heights of the Carlioniferous 
rocks with their intrusive masses on the south. The actual junction 
with the TiOwer Old Red Sandstone volcanic series of the Ochils 
is hidden everywhere hy drift, but the line of contact is evidently an 
unconformable one. For the sheets of andesite dip south-east 
at angles of about 15^, and are overlapped at different horizons by 
the more gently inclined members of the Upper Old Red Sandstone. 

In Central Fife there is a conformable passage from tlic Upper Old 
Red Sandstone into the T.ower Carboniferous strata. But in Eastern 
Fife the top of the Tapper Old Red Sandstone is cut off by a fault 
which crosses Dura Den in a north-easterly direction and brings down 
the Carboniferous strata on the south-east side. 

The ravine of Dura Den has been cut bv the Ceres Burn since the 
Ice Age. This rivulet is formed by the union of a number of smaller 
streams which rise in the Carboniferous area of Fife. The Den has 
been excavated across the line of fracture and is about a mile and a 
half in length (see Fig. 1). 

Below the mouth of the Den the Ceres Burn enters the alluvial 
plain ot the Eden and joins that river about a mile above the village 
of Dairsie. Dura Den is eroded in the Lower Carboniferous and Upper 
Old Red Sandstone formations. For a distance of several hundred 
yards the Upper Old Red Sandstone strata are laid bare in the channel 
of the stream and in a range of picturesque cliffs on ‘either side. The 
section runs alopg the strike of nearly horizontal beds,, so that only a 
comparatively small thickness of rocks is exposed. These belong 
to the upper part of the formation, but the actual top, as already 
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indicated, is cut oft by tbo fault, near which tlic T.ower Car))oniferoiis 
strata are se(^n dipping at angles of 35^ to 40^ to the south-east. The 
rocks consist of yellow, red, and greenish sandstones, with bands of 
clay or marl, and are nearly horizontal. They are ratlier fine-grained, 
somewhat fissile, and, in places, extremely false-bedded. 

Remains of fishes in the Upper Old Red Sandstone of Fife were 
first observed in 1831 at Drurndryan. near (hipar, by the Rev. John 
Fleming. The scales detected by biiii were found to occur more 
abundantly at Dura Dcii, a mile farther east, and entire fishes were 
obtained there, preserved in the sand.stone. 

For years the Rev. T)r. Anderson worked at these beds and jnib- 
lished numerous papers descriptive of the region. The fish-remains 
obtained from time to time at this famous locality were examined and 
d(\scrihed by Agassiz, ITuxley, and other investigators. The excava- 
tions were carried on partly under the guidance of a Committee of 
the British Association, which gave its first report in 1800. 

The remains occur as carbonised impressions on the fine-gi’ained 
pale-yellow stone, and sometimes are to he found crowded together. 
Sir A. Geikie has remarked that ‘ the Dura Den sandstone does not so 
much mark a definite pahcoutological sulKli vision as an exceptional 
.a)*ea whore the organisms were rapidly killed and buried in great 
numbers. * ‘ 

On the otiier hand, Dr. Traquair correlated the Dura Don fish fauna 
with that of the highest subdivision of the Upper Old Red Sandstone 
on the .south side of the Moray Firth. Dr. Traquair’s list of fishes 
found at Dura Den during the earlier excavations is given below 

Botliriolepis hydropliila, Ag. 

Phyllolcpis couceuirica, Ag. 

Glyplopomus minor, Ag. 

Glyptopomns kinuairdi, FTuxl. 

Gyrnptychiufi heddlci, Traq. 

TIoloplychius flemingiy Ag. 

Phanrropleuron nmlersoni, JTuxl. 

In the spring of 1912 the Dundee local Committee of the British 
As.sociation began excavations with the view of re-exposing the fish-bed 
at Dura Den. The work was carried on under the supervision of 
Mr. A. W. R. Don. The exact site of the previous diggings was un- 
known, liut, according to tradition, many of the fir.st specimens 
had Been obtained from the sandstone forming the bed of the stream 
and from an excavation on the left side between the stream and the 
mill-lade. After some trial explorations the fish-bod was eventually 
struck, and part of the old workings was exposed. The latter lay 
30 feet to the west of the stream, just opposite the north end of the 
garden belonging to the house known as ‘ The Laurels,’ now in the occu- 
pation of Dr. Graham Campbell. A pit was opened from the base of 
the old workings in the direction of the mill-lade, and the fish-bed 
was found to lie at a depth of nine feet from the surface. Only a small 


* ‘The Geolof^y of Eastern Fife * (Mem. Geol. Surv.)\ 1902, p 59. 

• ‘The Geology of Eastern Fife ' (1/rm. Geol. Surv.)y 1902, p. 58. 
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part of tlie fish-bed was then worked. A few good specimens were 
obtained, and were on view wlien the locality was visited during one 
of the excursions an’anged in connection with the Geological Section of 
the British Association Meeting at Dundee in 1912. 

Work was resumed by our Committee on May 5, 1913, and pro- 
ceeded more or less continuously to the end of August 1913. The 
pit, opened in 1912, having been partly refilled, had to be cleared 
again. As stated in the preliminary report issued last year, a definite 
plan was followed in the excavations. The fish-bearing zone was un- 
covered and removed in successive sections (fig. 3). 

The sandstone layer, rich in fish-remains, is restricted to a zone 
about two inches thick. It lies at an average depth of nine feet from 
the surface, and is overlain by about four feet of comparatively barren 
sandstone, capped by about four feet of loose superficial materials. 
It was decided to work the fisli-l)ed in tl)e direction in wliieh the fisli- 
remains appeared to be most abundant. As the operations extended 
towards the rnill-lade in the area marked A' in fig. 3. the sandstone did 
not yield fishes, as if the limit of the rich fish-bearing zone had been 
reached in that direction. The arrangement was then made to carry 
oil the excavations towards the stream and just north of the face of the 
old workings. 

The finest specimens of fossil fishes and the largest number were 
obtained in the middle section (urea marked B in fig. 3) and in the 
immediately adjoining parts of the other two sections (A and C in 
fig. 3). The greater part of the area marked C in fig. 3 pre^ved to bo 
somewhat disappoiiit.iiig, though one slab containing twenty specimen.^ 
\sas found there and a fine example of PhifUolepiii quite close to the 
stream. Good specimens, however, were scarce in section C outside 
the limit of the rich fish-boaring zone. In the north-east corner of 
it near the stream a sandstone layer witli fragmentary fish-remains 
was traced for a short distance. 

It is w'orthy of note that large scales of Iloloplychim were obtained 
in tlie sandstone three feet above the fish-bed, and that fisli-soales in a 
fragmentary condition were found scattered throughout the sandstones 
above that zone. No fish-scales were detected below that horizon, 
although the excavations were continued dowmwards for nearly two 
feet beneath that zone. 

Fine oxamj)les of sun-cracks were seen in the sandstone at depths 
varying from tw^o to four inches below the fish-bed, and, at one 
locality, one ineh .above that horizon, lliis feature is suggestive., and 
probably points to desiccation as a cause of the death of the fislies 
in a shoal at this locality. 

In all forty-two slabs of stone with well-preserved fish-remains were 
obtained. These were photographed by Mr. Dunlop, and the photo- 
graphs were sent to Dr. Smith Woodward for determination. About 
fifty fragmentary specimens were collocated which were not photo- 
graphed. The whole collection has been stoi'cd in an adjoining mill 
under lock and key. 

'Hie expenses connected with these detailed investigations have 
exceeded the Britisli Association grant of 76/. and the contribution of 
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121. from Mr. Bolton of the Bristol Museum. The Curator of Ichthy- 
ology in the American Museum of Natural History, New York, has 
offered a donation towards the expenses on condition that some of 
the specimens be given to that Museum. The Committee have accepted 
this offer. 

On June 19 the Chairman, the Secretary, Dr. Smith Woodward, 
and Mr. Dunlop visited Dura Den. Each specimen was then cxaiuined 
by Dr. Smith Woodward, and a scheme of distributing the fisli-roinaiiis 
to various public institutions was adopte^l by the inemhors of the 
Committee who were then present. The distriluition will he i*arri(‘d out 
during this summer. 

The report of Dr. Smith Woodward is appended: 

Prelimifiary Report on the Foasil Fhhca from Dura Den. 

By Dr A. Smitu WoonwAHo. 

The very large majority of the fishes found during tlie excavations 
at Dura Den are examples of Holoph/rhius fleminyi and most of 
the slabs exhibit no other species. Specimens of (ilyptoponias 
kinnairdi, (Uyptopvmus minors Phancropleitron andersoni, and 
Boihriolepift hydrophila occur but rarely. All are nearly coinj)Ict(', 
as usual, having been suddenly buried; and it is probable that wlien 
studied in detail the new collection will make somt» small additions to 
our knowledge of the species reiwsented. 

The only important novcltv is a nearly complete specimen of 
Phyllolepisj which shows for the first time the carrangement of the 
dermal plates in this rare fish, and apparently determines its aniniti(‘S. 
The genus has already been recorded from Dura Den,** hut it is know n 
only by detached plates. The armoured portion of the fish is oval in 
shape and depressed, so that the fossil is exposed from above or 
below. The surface shown is covered chiefly with two largo plates, 
one behind the other, each irregularly hexagonal in shape and slightly 
broader than long. The anterior plate is somewhat the smaller and 
narrower, and the regularity of its concentric ridge-ornament is inter- 
rupted by waviness in lines apparently of slime-canals which radiate 
symmetrically from the centre to the periphery. The postej-ior ])lato 
is ornamented exactly like the imperfect typical plate of Phyllolpph 
concentrica from Olashbennie.^ Round the anterior plate arc arranged 
four pairs of small plates, which decrease in width foiwvards. Their 
ridge-ornament is peculiar in being concentric only with twm or three 
of the margins of each plate and running out at right-angles to the 
inner margin. The postero-lateral plate is long and narrow and much 
the largest, extending along the posterior two-thirds of the anterior 
median plate. The next plate forwards, also long and narrow, is 
much less than half as large as the postero-lateral just described, and 
the two pairs anterior plates are comparatively small. This series 
of plates on each side is continued behind by another still larger plate, 
which flanks somew’Hat less than the anterior half of the posterior 
median plate and ends postero-Iat^rally in a produced angle or cornu. 

• A. S. Woodward, Catal. Foss, PisJies Brit. Mus.t Pt. IT. (1R91), p. 314. 

^ L. Agassiz, Poias, Foss. Vieux Grla Bouge (1844), p. 67, pi. xxiv. fig. 1. 
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oriiunieTital ridgoH here radiate cliiefly from the posterior cornu and 
the outer margin and are most widely spaced on the postero-internal 
part of the plate. No vacuities are observable in any of the plates, 
but all of the anterior pairs are crossed by slime-canals in continuation 
of the radiating canals on the anterior median plate. The total 
length of the fossil is 12.6 cm. 

The ornamentation of the posterior median plate of the specimen 
just described seems to justify its reference to the typical species, 
Phyllolcpis conccniricay already known by imperfect plates from 
Clashbennic, Perthshire. It is also interesting to add that some of the 
other plates agree well with specimens found in association with 
P. conccntrica in the Upper Devonian of Belgium.® The ornament of 
the anterior median plate corresponds with that of the so-called 
P. corneti,^ while both the ornament and shape of some of the lateral 
plates are essentially tlie same as those of the small plates named 
Pevtago}}olepis.'‘ The jjlates forming the lateral cornua do not appear 
to have been previously seen. 

The whole fossil is most suggestive of the ventral aspect of the 
curious Devonian Ostracoderms Drepanaspis * and Psammosteus.^ It 
agrees wuth Drepanaspis in showing tw’o principal median plates one 
behind tlie other, though in Phyllolepis they are more nearly equal 
in size. It corresponds with Psammosteus in exhibiting a prominent 
pnir of lateral cornua at the hinder end of the series of small marginal 
plates, opi)ositc the middle of the posterior median plate. It differs 
from belli in lacking separate small tessellated plates. There is, there- 
fore, not- much doubt that Phyllolepis is a genus of Ostracoderms most 
nearly allied to the Drepanaspides or Psammosteidee. 


Antarctic Whaling Industry, — Report of the Committee, con- 
sisting of Dr. S. H.^rmer (Chairman), Dr. W. T. Calman 
(Secretary), Dr. ¥, A. 13.\tiier, Dr. W. S. Bruce, and Dr. P. 
Chalmers Mitchell, appointed to provide assistance for 
Major G, E. II. Barrett- Hamilton's Expedition to South 
Georgia to investigate the position of the Antarctic Whaling 
Industry, 

By kind permission of the Trustees of the British Museum the Com- 
mittee arranged for Mr. P. Stammwdtz, a taxidermist employed at the 
Natural History Museum, South Kensington, to accompany Major 
Barrett-Hamilton to South Georgia ; and the greater part of the grant 

* M. D)hest, ‘ Recherches sur les Poissons des Terrains Paleozoiqucs de 
Relgique,’ Ann. Soc. Gcd. Bely., vol. xv. (1888), Mem., pp. 155-167, pis. x., xi. 

® M. Lohest, loc. cit., p. 157, pi. x. fig. 6. 

^ M. Lohest, loc, cit., p. 161, pi. xi. figs. 1-8. 

* R. H. Traquair, * Additional Note on Drepanaspis GemUndenensis. 
Schluter,' Geol. May. [4] vol. ix. (1902), pp. 289-291. 

® A. S. Woodward, ‘On the Upper Devonian Ostracoderm, Psammosteus 
Uujlori* Ann, May. Nat. Hist, [8] vol. viii. (1911), pp. 649-652, pi. ix. 
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placed at the disposal of the Goinniittee has been expended in paying 
his salary and in making certain preliminary payments. He sailed 
with Major Ban'ett-Hamilton on October 6, 1913, and work was com- 
n,enced at South Georgia immediately after their arrival on 
November 10. 

Early in the new year news was received that Major Barrelt- 
Hamilton liad died suddenly at South Georgia on January 17, while 
Ins inquiries were in full progress. This unlooked-for event, which 
the Committee record with profound son’ow, naturally altered the 
entire prospects of the expedition. Mr. Stamniwitz had no alternative 
but to return at once, and after making arrangements for the despatch 
of the specimens which had been collected, he took the first opportunity 
of leaving South Georgia, bringing with him the notebooks containing 
Major BaiTett-Haniilton’s observations. At the request of the 
(,’oloiiial Office, and with the approval of the Trustees of the British 
Museum, these notel)ooks have been placed in the hands of Mr. Martin 
A. C. Hinton for examination. It is hoped that the results of the 
work which lilajor Barrett-IIamilton had done before his death will 
thus not be entirely lost. The collections brought home comprise a 
very valuable series of specimens — in particular, flippers, complete sets 
of baleen, and other anatomical material from the blue whale, the 
common rorqual, and the humpback whale. These specimens have 
lx!en presented to the Natural History ^luseum by ^lessrs. Chr. 
Salvesen & Co., at whose whaling station they were obtained, and they 
should be of service in helping to decide the much-debated question 
whether these Antarctic whales are specifically identical with their 
northern representatives. 

A few birds were obtained at South Trinidad on the outward journey, 
and a certain amount of dredging and shore-collecting was done at 
South Georgia. The collection niade includes marine invertebrates and 
fishes, bird-skiiKS, plant.s, and a few insects and rock-specimens. 'J’hesc 
have been handed over to the Natural History Museum, where arrange- 
ments are being made to have them determined, and if necessary reportid 
on, by specialists. 

At the reque.st of the Meteorological Office, Mr. Slanimwitz took a 
se,ries of observations on sea -temperatures and ice-drift while at South 
Georgia, and these arc now being utilised by the Office. 

The Committee wish to record their appreciation of the value of the 
assistance which was given to the expedition by Mr. J. Innes Wilson, 
Stipendiary Magistrate of South Georgia, Messrs, (flir. S,dves<‘n A Co., 
and Mr. Ifenriksen, the manager of their I,eith llarlKuir Whaling 
Station, Messrs. Bryde A Dahl, the T6nslx:rg Whaling f'ompany, and 
other individuals and whaling companies connected with South Georgia. 

The amount actually expended is less by 16/. than the total (901.) 
allotted to the Committee, and it is not projosed to apply for this 
balance. 
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Belmullet Whalmg Station.— Report of the Committee, consisting 
of Dr. A. E. Shipley (Chairman), Professor J. Stanley 
(jAUdinkr (Secretary), Profe.ssor W. A. Herdman, Eev. W. 
Spotswood Green, Mr. R. S. OooDRrcH, Professor H. W. 
Marktt Tims, and Rfr. K. M. Darrington, appointed to 
investigate the Biological Problems incidental to the Belmullet 
Whaling Station. 

The Committee acting through Professor HerJman arranged with Mr. 
J. Erik Hamilton and Mr. K. J. Daniel, two post-graduate research 
students of tlio University of Liverpool, for the prosecution of their 
resoarche.s in liH.3. They proceeded to Belinullet on June 25 and Mr. 
rTaniilton remained until tlie end of the fishery. Mr. Daniel retired 
from the investigations on A\ignst 2G, having been appointed to a post 
under the Board of Agriculture and Fisheries. Mr. Hamilton’s Report 
is appended. 

'riie Cummittee desire to express their thanks to Mr. 11. M. 
Barrington for considerable financial assistance. They have been 
I'liablod owing to his generosity to amngc wuth kir. Hamilton for 
the further prosecution of the work in 1914. They have now oxperi- 
(Mu*e with tliroe investigators — Mr. Ijillie, Mr. Burfield, and Mr. 
Hamilton — and they find that the annual expense is about 45?. They 
attach groat importance, both from the scientific and economic sides, 
to the further continuation of these investigations, and beg to apply 
for reappointment w’ith a grant of 45/. for the summer of 1915. 


Pipport io the Commit lee by J. Erik Hamilton, B.Sc. 

I. — Introduction . 

In June 1913 Mr. B. J. Daniel and 1 procecxled to the Blacksod 
Bay Whaling Station on Ardelly Point, Blacksod Bay, Co. Mayo. 
Ireland, to continue the work carried on bv ^fr. S. T. Burfield, B.A , 
in 1911.' 

'The flensing plane was clearly visible by telescope from the hotel, 
and the whaling steamers are compelled to pass the Point whenever 
tliey come in. In consequence no whale escaped notice, as might 
otherwise have happened on account of the distance tvom the Station. 

Our first wliale wfLS examined on the morning aUev o\Vf 

on ^ 4P. ?//: 

I desire to express my heartiest thanks to Professor W. A. Herdman, 
' Britith Atfoeiation Btport, 1912, p. 145. 
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P.R.8., who has given advice and help of great value daring the time 
which was spent in his Laboratory in working up the materials obtai^zed. 

To Captain Lorens Briiun and Mr. D. Bingham sincere thanks are 
due from Mr. Daniel and myself for the way in which they assisted us 
at the Station. We would also wish to mention that on many occasions 
the men employed at the Station helped us in the most obliging manner. 

Two steamers continue to he used, both fitted with wireless tele- 
graphy, which is employed solely for communication between the boats. 
As a result of the possession of this apparatus, if one boat finds whales 
in numbers too gi'eat U' he dealt with unaided, the other steamer may he 
called up to assist in making rhe most of a fortunate find. 

Burtield^ has stated the disadvantages of work at a commercial 
factory, and T wish to lay particular emphasis on tlie rarity wiili which 
really fresh whales are brought in. It is exceptional for a whale to ho 
anything other than decomposing. Even in those sufficiently fresh to 
be fit for food the carcase is quite hot in the deeper pai-ts owing to 
(locoinposition, while in the other cases carcases Ivin^,. on the (lensln. 
plane fizzle and splutter wherever a cut in the hhihher permit.s Mm' 
internal gases to blow off. 

Sperm Whales are particularly obnoxious, as tliey are brought from 
considerable distances. They are frequently caught at Eockall, 240 
miles away, and they smell strongly of cultlefisli. Tn two Sperm 
Whales which we saw paH of the intestine was blown out through 
the back of the animal by pressure of gases produced by decomposition, 
and from one specimen a great spout of blood and oil was projected 
with considerable force over one of the^ investigators. 

About thirty-eight Irishmen and fifteen Norwegians are employed 
when work is in full swing. Of the Trislimen one i.s timekeeper and 
another is second flenser, but all the other skilled woikmen are 
Norwegians, 

The 1913 season was the best wdiich the Blacksod Bay W' haling 
Company has had up to the present. Sixty-four whales were brought 
in. The whalemen state from their experience that in fine, calm 
weather the whales go far out for food, and it ’s the case that during 
the splendid w'eather of August very few were taken. But the largest 
number of whales for a given number of days was brouglit in bctw’oen 
August 27 and September 9, when the weather was still fairly fine. 
Nearly three thousand barrels of oil v^ere shipped to Glasgow, to which 
port dl the produce of this Station is sent. There were also manu- 
factured about fifteen hundred hags of guano. 

All whale oils at present average 20Z. per ton f^-5-J barrels), 
sperm oil and spermaceti having fallen considerably since 1911. The 
oil is used for the manufacture of explosives, soap, &c., with the excep- 
tion of the two sperm products. The oil of the Sperm Whale is used 
for lubrication only, while spermaceti is largely utilised in the manu- 
facture of church candles. 

Whalebone from Balcenoptera mu^cnlm and B. aihhaWii is now 
651. per ton. The baleen of Megaptera is of very inferior quality. 


* Op. cit, p. 146. 
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while B. borealis yields whalebone of considerably greater Yalue» 
although, since this is a small species, the plates are not of great 
length. 

The flesh of B. sibbaldii has an excellent flavour even when taken 
from a large specimen. As it is full of oil it must be soaked in salt 
water and vinegar for several hours before being used. If this pre- 
caution is observed, it is almost impossible to distinguish whale-rneat 
from good quality of beef-steak. The flesh for food is generally cut 
from the lateral post-anal region. On the Japanese Stations the 
entire carcases of the whales taken are, or used to be, sold on the 
market for food, it being more profitable to dispose of the animals in 
this manner than to boil them down for oil and guano. In Norway 
also a considerable amount of whale-meat is utilised by butchers. It 
is usually salted as soon as the whales are flensed, and is seldom 
placed on the market in tlie fresh condition. On account of the 
cxirerne rapidity v. ilh which whales decompose very few of the 
Blacksod Company’s whales could be used as food. 

The attempts to recover the glue from the water resulting from 
tlic \aiious cooking processes applied to blubber, meat, &c., have 
failed. Tlic reason for the failure lies in the amount of steam which 
is required to evaporate <lown the solution. This steam consumption 
necessitates the use of so much coal that the expenditure is not 
covered by the price received for the glue which results from the 
proc(‘SS of cva[)oralioii. 

In whale-hunting the shot which is generally attempted is aimed at 
a point beliind the pectoral fin, as the animal here presents a large 
target, and the cast-iron harpoon head, with its charge of blasting- 
powdor, is most likely to prove fatal when exploded in the thoracic 
cavity. The shot, as a matter of fact, which explodes beside the 
vex'tebral column in an anterior position is the most fatal. When this 
happens the wliale dies instantaneously. On the other hand, the 
hai'poon may fail to explode. In this case nothing can be done at the 
moment except to let the harpoon line run out. The whale may 
rush along the surface or descend almost vertically. If a surface run 
is made tlic engines are put at full speed ahead in order to avoid 
straining the harpoon rope, which is three-inch nianilla cable. When 
the whale dives down there is serious risk of the rope snapping. 
One such case occurred to our knowledge during the 1913 season. 
Only a few fathoms of cable were lost on this occasion, but at other 
times whales liavc been known to take out the whole of the three or 
four hundred fathoms attached to the harpoon, and then to break 
the line at the bow of the boat. The whale is very much exhausted 
after a deep dive such as this, and when it returns to the surface 
another harpoon is fired into it. which almost invariably proves fatal. 
Even if the rope is broken the animal is usually so fatigued that 
it is readily approached and secured. We were informed by a very 
experienced Norwegian whaler that it has happened that a steamer, 
having become fast to a wounded whale, has ‘ played * it for as much 
as thirty hours before the coup do grdee could be delivered. 
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II . — Numbers and Species taken at the Bhcksod Bay Station in 1913. 

The number of whales taken in the 1913 season was sixty-four, 
as has been stated. Of these fifteen were brought in previous to our 
arrival ; we therefore examined forty-nine. Five species came under 
our notice, in the following numbers: — 


Finners {Ba/cenoptera muMulua, L.) 37 

Blue VVliaies (B. sibbaldii, Gray) 4 

Sejhval (B, borealis^ Ijcsson) 1 

Humpback {Megapiera longimana, Rticl.) 1 

Sperm Whales {phydeter macrocephalust L.) G 


Of the fifteen taken before June 26, eleven were Finners and 
four Sperm Whales. 

HI . — Measurements and Proportions. 

(See Tables at the end of this Report.) 

In contiiujing the series of ineasurenients adopted by Jiurfield, 
who followed True,^ we found that in some oases it was not easy to 
determine the points from which measurements were laken, v/ithin 
six inches or a foot. We thei*efore fixed on a series of standards 
which enabled us to make measurements from correspondiiig points 
on every whale. These points 1 attempt to define as folkms: — 

(.1) Total length. Taken between a position opposite the end of 
the upper jaw to a point opposite the notch between the flukes, in 
a straight lino. When, as in the case of our first two whales, and 
in the cases of those taken before our arrival, we obtained the Norwegian 
measurements, two points had to be observed: (u) that Norwegian 
feet are equal to 12^ English inches; (b) that the Norwegians measured 
to the tip of the lower jaw*, which projects beyond the rostrum, and 
therefore an allowance must be made for this in reducing to * total 
length ' according to our standard. Eighteen inches was the allow- 
ance made, and tliis was probably erring on the side of taking off 
too little rather than too much. 

(2) Tip of snout to anterior end nj the gronve hciween the spiracles. 
This line is quite sharply marked. 

(3) Tip of snout to posterior insertion of pectoral fin. Th’s 
measurement and the next were taken on th(‘ dorsal side of the animal. 

(4) Tip of snttuL In poslerinr insertion of dorsal fin. 'fliis fin 
slopes away behind as well as in front. The ' posterior insertion ’ 
was therefore found in the following manner — a line Iniing droppcrl 
from the apex of the dorsal fin, at right angles to tlie body, the 
point where it cut the outline of tlie bfKly was taken as the posterior 
insertion of the doisal fin. Apart from this method I do not think 
that any point of equal value in every specimen could have been 
found. 

fo) Tip of snout to centre of eye. 

(6) Centre of eye to anterior end of auditory slit. 

(7) Notch of flukes to posterior end of anu.'i. 

f8) Notch of flukes to anterior margin of umbilicus, whicli was 
the most definite border of that area. 

3 Smtlbionian Contributions to Knowledge, vol. xxx. 
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Measurements 0 / the Pectoral Fin, 

(9) Length of anterior border. There is an eminence at the anterior, 
proximal end of the pectoral fin. Immediately anterior to this is a 
slight depression. The eminence marks approximately the position 
of the liead of the humerus. Our measurement was taken from the 
tip of the flipper, along the anterior margin, to the centre of the 
eminence. 

(10) The posterior length was taken from the tip, along the 
margin, to the axilla. This measurement was not easy to take, as 
the ilipper was almost always directed backwards and the axilla 
compressed. When this was the case the exact point of proximal 
measurement had to be found by judgment, as the size of the limb 
and the rigidity of the muscles attached to it entirely prevented any 
attempt at altering the attitude of the fin. 

(11) The median length was taken from the tip in a straight line, 
down the centre of the flipper, to a point on a line drawn through 
tlie axilla in such a manner as to carry on the outline of the body. 
In taking this measurement the idea was to estimate the extent to 
which the limb projects from the body. 

(12) The greatest breadth of the pectoral fin was generally found 
to be about half-w'ay between Ihe tip and the insertion. 

(Id) The length of the dorsal fin was taken from the posterior 
insertion as defined above, and the anterior insertion, wdiicli could 
usually be found with moderate accuracy. This measurement cannot 
1)0 regarded as more than approximate. 

The flukes had been cut off every whale before it was tow^ed in, but 
on B. niiLsculu.s (No. 19) the right fluke had not been completely 
severed. Measurement gave 7 ft. 5 in. as the distance betw'eeii tij) 
of fluke ami caudal notch. The spread of the flukes was therefore 
11 ft. lU in. 


Total Length. 

The following table shows the averages of total length of the five 
species taken, and a more detailed analysis of the total measurements 
of the Mniiers at different stages. I have taken as the minima for 
adult males and females the dimensions adopted by Burfield/ who 
fiillow'ed True : — 


dinners [U. muse ulus, L.) 




Ft. 

in. 

Avorage length of allfiniicrs 

(37) . . . 

. . 50 

0 

„ „ females 

(17) . . . 

. . 60 

7 

M „ males 

(20) . . . 

. . 59 

0 

„ „ „ adult females 

Maximum for females 

(12) . . . 

. . 64 

0 


. . 60 

8 

Minimum for females 

. ... 

. . 48 

7 

Average for adult males (10) . 

.... 

. . 60 

S 

Maximum for males . . . . 

• . . • 

. . m 

0 

Minimum for males . . . . 

. . . . 

. . 40 

7 

‘ Off. rif., 

, |>. 100. 



1914. 



K 
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It may be useful to compare these results with those of Burfield, 
who gives similar statistics for the year 1911: — 

1911. 1913. 




Ft. 

in. 

Ft. 

in. 

Average for all sfH'cimens 

(53). . 

. 03 

0 

(37) 69 

9 

„ „ females 

(21) . . 

. 64 

3 

(17) 60 

7 

,, ,, males 

(25) . . 

. 62 

6 

(20) 59 

0 

„ mature females (20) . 

. 64 

8 

(12) 04 

0 

M ,, maloa 

Maximum fomnle'i 

(2:i) . , 

. 63 

2 

(16) 60 

8 

. . . 

. 75 

0 

09 

8 

„ males . 

... 

. 08 

9 

06 

0 

^finimiim females . 

. . 

. 64 

3 

48 

7 

„ males . 

* 

. 5:l 

:i 

46 

7 


As all the figures for 11)13 are ptMx-ej»iibly smaller than the corre- 
sponding figures of Burfield for 1911, it suggests the probability that 
the larger u hales are being killed off, although it would be- useful 
have the figures for other years in order to verify the diminution 
»/) sL'-ro which appears to he taking place. 


Blue Whales (B. sibbaulii, Giuyb 

All the Blue Wlialcs taken in the 1913 season were brought in 
during our stay : — 


Ft, in. 

July lU, fcmal< 782 

All^^ 18, 70 7 

„ 20, 08 

«ept. 9, 08 0 


Comparing these also v. ith Burfield’s figures'* for the same ."peeies 


V. e- have: — 

1911. 101:1. 

Vl. ill. I'f. in. 

Average for all ft inaleb (4) 75 4 (4) 71 

Maximum for female.s 84 0 78 2 

Minimum for females 04 0 08 0 


True gives 72 ft. as the miiiimum for mature females, but our 
second specimen (70 ft. 7 in.) had a foetus M ft. long, and was 
therefore an adult animal. (Tiue's figure was ba<ed upon two speci- 
mens only.) 


Sperm Whales {Physeter macroccpluduSf L.). 

Ten Speim Whales were taken in 1913; of these six were taken 
after our arrival, and all the specimens w'erc males. 

Ft. in. 

Average of all ^perm Whales (10), males 68 3 

Maximum, Sperm Whales . . 62 0 ' 

Minimum „ „ 63 0 

Sejhval {Balcenoptera borealis^ I/esson). 

One specimen only taken in 1913, female . . . .46ft. Tin. 

Humpback (Megaplera longimayia, Eud.). 

Only specimen taken, male 45 ft. 8 in. 

® Op. cit, Table IV., p. 161. 
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rV . — General Observations on the Various Species. 

1. Finners (B. musculus, Gray). 

Ijk- 

(a) Colouration. — Non^ of the specimena of the Finner examined 
by us presented any remarkable colour variations. On very many 
animals white marks occurred in the pigmented areas, as noted by 
Barfield.® Some of these seemed to be the scars left after Penella has 
dropped off. In many cases we found the sores which had been 
produced by the parasite, although the latter was not present. These 
sores presented the same appearance as the wounds in which the 
parasites were still fixed. 

Notes on individual specimens: — 

No. 10. — There were a few white patches on the tongue, which 
may have been tie result of lesions, or due to mere absence of 
pigment. 

No. 11. — A pale, grey line, about three-eighths of an inch broad, 
but gradually widening, ran from the ear aperture upwards and 
liiudvwards to a point level wdtli the anterior margin of the pectoral fin, 
and about 9 in. above the level of the ear-hole. From here onwards 
it broadened out and swe]>t round in a semicircle to the anterior 
margin of the pectoral. On the top of the head there wms a triangular 
grey patch, having as apices the angle of the jaw% the nape at the 
level of the pectoi-al, and a point about half-way down the margin 
of the rostrum. 

No. 19. — The foetus of No. 19, 15 ft. in length, displayed the same 
areas of colouration on the head as an adult. The dark colour of the 
}x>dy was defined in fix>nt by the same line sweeping back from the eye, 
through the ear, and dowm to the pectoral, while dorsally it was 
limited by another line curving backw’^ards, and dorsally, from the 
eye. 

No 24. — 1'he black colour extended in flecks from the left as far 
as the mid-ventral line, in the region of the ventral furrows. 

No. 29. — The belly had a yellow^ tinge, but, as the animal w’as 
very decomposed, this w^as probably not the case during life, as, w’hen 
they have been dead for some time, w^hales become very discoloured. 
There w^ere streaks of black on the left side of the belly. 

There is always a certain amount of pigment in the more lateral 
and posterior furrow’s. In Nos. 41 and 42 this w’as specially well 
developed, extending almost to the mid-ventral line from the left 
aide. The furrow^ region of No. 42 had also a number of pale purple 
stains in its pure wdiite. These w^ere due to the presence of blood 
in the cutaneous vessels, which appeared to be gorged. They 
resembled bruises, but the epidermis w^as undamaged. This whale 
displayed a few of the ‘galvanised-iron ’ markings which are charac- 
teristic of the Blue Whale. These were in the post-anal region. 
It had also several incised w^ounds in the belly, about 8 in. long, 
partly healed, but still raw. No. 45 had a large island of black pigment 
on the posterior furrow region of the left side. 
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There are frequenth’ extensive white patches on the tlaik area, 
caused by the chafing of the whale against the side of the steamer 
as it is being towed in. These, however, are easily distinguislieil fi*orn 
the naturally iinpigmented areas. 

(b) J'entral Furroirs.^-Tn the Finner the number of peetoral furrows 
is exceedingly variable. We found a maxim inn of eight y-four, and a 
uuulmum of fifty-four. In neaily half of the eases a median furrow 
could be dislinguisbed, tlie presence (d wliieb appears have escaped 
notice up to the present. The number wns estiinnied by lludirig the 
median furrow, and counting all those hetwciU] it and the pociornl 
fin of the side wliicli luippciual to lie* nppernio'sl . As tlie fin is 
approaclied the furrows become less marked, and it is not easy to 
discern tlie funow nearest the fin. 'fhe skin in llie axillary r('gi«»n 
is much fidded longitnclinally . wliicli fiii-ili(‘r complicatc's matters. 
By douliling the nimdier of furrows thus etninted and adding the 
impaired median an estimate of the hilal mimher was niadi*. 'flu* 
furrows in tlie smallest fretus (,3 ft. II in.) were epresenitxl h\ 
mere lines, and could not he counted with neenmev. 'flu' h.lds o, 
twenty-sovfui speciimms w(‘re counted, of which Iwadce had no di'^ 
tingnisliahle median furrow. The average depth of Ihesi' 

was about ‘6S in. (deduced from eiglit measurements), and the average 
liorizontal distance between points above tlie middh' lines of the saiiu' 
number of furrow’s w'os in., varying from 1*117 in. to 1*0C in. These 
measurements were taken from a ))orjif»n of hlublxu* Iving on tlu' 
plane and not stretched in anv way. 

Tt is essential that the counting .should aKvays bo made in the 
same position, ns some of the folds do not run ilio whole huigth of 
the furrow’od area. There does, how’over, appear to he a certain 
amount of nnifonniiy in the folding, the slioiter folds corr(‘S[)onding 
w'ith each other in different wdiales, if not wdtli absoliib' accuracy, al 
any rate nearly so. 

(c) TmiffVP. — The colour of the tongue as a whole i-? dai'k grey, 
hilt tlie area which is the morphological upper .surfac(‘. which is 
dlstinguishahle from the morphological low'or surface, shades off into 
pink towards the ‘ tip.’ 

2. Blue Whales (B. fiihhaldii, Oray). 

Colouration . — The only point to whicli T w’isli to draw attention is 
that there are some curious markings on the skin, especially ven- 
trally, but not confined to that aspect. Those markings lake the form 
of curved, darker and lighter lines nidiating from a common cenlre. 
The area of such markings is about 8 in. long and 4 in. wide. Where 
there is a number of markings crow^ded together, the appearance of 
the skin forcibly reminds one of the pattern produced on the sinTacc 
of ‘galvanised iron.’ These markings occur in considerable ahiindance 
on large areas of the skin. 

3. Sejhval (B. horcalis, Lesson). 

External Characters . — Tlie solitary example of this species taken 
was a female. Although a small species (this specimen was only 



BELMULLBT WHALING STATION. 


133 


46 ft. 7 in. long) it has a robust figure, and the dorsal fim is of great 
height as compared with that of the Finner. This specimen had been 
lying at the buoy from Thursday afternoon until it was hauled up 
on Saturday morning, and was therefore considerably decomposed. 
The dorsal surface was dark grey, as was also the post-anal area of 
the ventral surface. The pre-anal region was for the most part of 
while colour, asyrniiietrically arranged. There was a considerable 
amount of black blotching towards the left side of tliis area, and on 
this side the white area was continued backwards in a large patch, 
'riieie was no wliite patcli corresponding witii this on the right side. 
The symphysis was pigmented, and liere there was a whorled design 
similar to that on the skin of the Blue Whale as described above. 
The n})per lips and the lower side of the anterior end of the rostrum 
were nearly black, and were finely tuberculated. The inner (palmar) 
surface of the pectoral fins was pale, streaky, greenish grey, with 
black streaks intermingling with the less dark flecks. The right side 
was a. dark grey, nearly black. This may have been due to the fact 
thjit tlic right side had been more exposed to the sun than the left side 
.IS ilio animal lay at the buoy. 

'I'ho i'wv aperture was small. The tongue pi‘esented an area which 
could be more readily recognised as the dorsal surface than in the 
case of the Pinners. 

4. Humpback [Meyaptera longiniana, Eud.). 

Fjxternal Characters , — The form of the single specimen taken was 
robust, remindiTig one somewhat of the figure of the Sperm Whale. 
The dorsal fin was placed far back and was much falcated, and of 
modciato beiglit. The colour was slate-chocolate, but very dark, 
almost black. Pure white, splashed, ring-like marks occurred on the 
lower jaw and on the dorsal side of the pectoral fin. The outer sides 
of ilie right mandible and of the right upper ]aw were white, but 
on the left only the inner sides were unpigmented. The ventral 
surface of the flukes was white. Tlie ventral folds were few in 
number (23), and wide; running up the centre of each groove was 
a low ridge about *376 in. high, of triangular section. The folds 
were about 4 in. wide and 5 in. apart. The median fold, with the 
next on each side, also the fold next the right pectoral fin, were mere 
narrow grooves. 

There was a deep groove running from the angle of the jaw 
downwards and backwards to a point about one-third of the width 
of the pectoral fin from its anterior margin. Another groove ran 
from a point a little above and in advance of the terniination of this 
groove to a point somewhat behind the posterior margin of the 
pectoral, and a little above it. Unlike the small external auditory 
apei’ture of tlie Babenopterids the opening in this specimen w^as 
in. long. The upper surface of the snout had the characteristic 
knobs of the species. In the mid-dorsal line there were five, the 
first being 11 in. from the tip of the snout, and the last 13i in. from the 
spn nclo. The spaces between the knobs, running from the snout, were 
Ittl, 18, 12?^, 23| in. lespet'.tively. T'here were also two series of 
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lateral knobs, following the margins of the rostrum, nine on eaoh sido 
in a consecutive row. Inside these rows, at their posterior ends, 
was a second series of four knobs on each side. The knobs of the 
inner, short row were set beside those of the outer row, forming 
pairs with them. But tho two sides were not symmetrical. Thus, 
if the knobs ol* tlu* outer row are mimhered I to from before hack- 
\yards, on tho left side 7, 8, and 9 were paired, and there was a 
single knob of the inner row beliind the tej'mimitiou of the outer 
series. On the right side 6. 7, 8, and t) were paired, and 

there was no unpaired knob posteriorly. Several of the left-side 
knobs had a hair on the summit, which suggests that the knobs may 
be overgrown hair-papilla?, and their arrangement does correspond 
fairly closely with the arrangement of the hairs of Bdeenoptera. On 
the symphysis there were four knobs on the right side and five on 
the left. In eacli case there was a vertical row of three. The knobs 
varied in size, a large one being 2 in. higli and 4 in. across tlic base. 

The eye appears to be rather more movable than l i Baheuoptrra 
The pectoral fin has an exceedingly irregular posterior margin. There 
were seven conspicuous elevations on it, varying in length from 
10 to 27 in. 


5. Sperm Whale (P. macrocephaluii, J^.). 

(a) External Characters , — Six specimens were examiriod. 'J’he 
general body-colour is pale grc\ish chocolate, rather more lead-like 
ventrally. Between the genital aperture and tlie umbilicus there is 
a splashed chevron-sliaped mark of a pale grey colour. The apex 
is on the umbilicus, and directed forwards, the ‘ arms ’ being about 
4 ft. apart at the tips. There are also irregular grey flecks all 
over the ventral surface. In some specimens the front of the head 
is barred horizontally w'ith streaks wliich are almost white in colour. 
They are broadest in the middle and taper towards tho ends. Tho 
whole of the head, and in particular tho anterior, ventral, and lateral 
areas, have numerous weals and sucker marks which have been pro- 
duced by the arms and suckers of the cuttlefish, wliich arc tlie main 
food of this species. As might be expected from the fact that the 
suckers of many of the molluscs are armed with chitinous U‘elh, the 
sucker marks take the fomi of rings of minute pricks. One such 
mark was Si in. across. The fifth Sperm Whale had a large patch 
of pure white on the umbilicus, and an extensive array of grey 
streaks on the left side, in addition to the grey chevron. 

(h) Spiracle . — In every case the left spiracle alone was functional. 
On the right side.'liowever, afterthe blubber has been removed, there is 
a compressed cavity, approximately oval in shape, about 18 in. long 
and 10 in. wide, in the position corresponding with that of the obliterated 
right spiracle. The lining of this cavity is heavily pigmented with 
the same colour as the outer surface of the animal. There can be 
no doubt that this is the vestige of the right spiracle, although^ no 
passage was observed running backwards from it in the direction of 
the pharynx. 

(c) Mouth. — The palate and floor of the mouth have a general 
pale grey colour and have a large number of small grooves, about 
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an inch in length, running longitudinally. On the palate of the first 
Sperm Whale there were two large dark blotches. That on the left 
w^as about 8 in. long, that on the right 11 in. 

(d) Tongue . — The tongue of Phyaeter affords a striking contrast 
to that of a Mystacoccte. It is an exceedingly hard, strong structure 
of comparatively small size, Liid very nearly occludes the throat as the 
animal lies on the plane with the jaw gaping open. The tongue 
stands up from the jaw to a height of about 2 ft., and, as viewed 
from the front, presents a smooth, round wall, like the side of a 
section of wide tubing. The upper surface is wrinkled, and in front is 
produced into a small projection, which appears to correspond with the 
tip of the normal mammalian tongue. From its structure the tongue 
would a{)pear to be of use in preventing the ingress of water during 
respiration, but in the dead animal, at any rate, this very fact of its 
nearly closing the throat gives the impression that the organ would be a 
hindrance to the swallowing of large prey. That this cannot be the 
case, liowever, is apparent from the size of the cuttlefish which we 
found in the stomach of one specimen, as described in Section V. 

(r) Tenth . — Teeth occur in both jaws. Only those of the lower 
jaw can, however, be of much practical value in the capture of food, 
as ilie upper* jaw teeth are of small size, and often nearly covered 
with soft tissue. The lower-jaw teeth are about twenty in number 
on each side, and are arranged in pairs, but the two teeth of each 
pair arc not exactly opposite to one another. 

Actual numbers of teeth in the different Sperm Whales examined: — 


Number 15 

. left side 21 

right side 23 

» lb . 

10 

19 

„ 21 

„ 20 plus 2 

21 plus 1 

„ 22 


— 

25 . 

2t 

23 

„ 20 

20 

21 


The two most anterior teeth of each side pi’oject somewhat for- 
ward, but the majority of the teeth are nearly vertical, being some- 
what reciuTed in most cases and having a slight inclination outward. 
The acuteness of the point is very variable, but this may bo merely due 
to differences in ago of the animals. One tooth was seen which 
had been broken off, but the stump did not appear to bo at all decayed. 
Tn tlie palate there is a hollow corresponding with cacli tooth of the 
lower jaw, into which the latter fits wlicn the mouth is slmt. 

Tlic nppor-jaw teeth are small, inclining backwards, and deeply 
embedded in soft tissue, but. they do have some little use, as is 
demonstrated by the fact, that ii\ man}' cases they are much worn 
down by contact with the lower-jaw teeth. Tlio most posterior of 
the latter are also very small, and of little use, occurring very far 
hack. There, were no teeth in tlie upper jaw of Nos. IG and 2G. 


Number Jf; 
.. 10 
M 21 

n 22 

25 

,7 26 


Tooth in np^x^r jaw — 
left side 6 ri«»ht .‘?ido 
0 
8 


0 

7 


7 

0 


i 

0 



136 


REPORTS ON THE STATE OF SCIENCE.— 1914. 


(/) Dorsal Fin . — The dorsal fui of the Sporni Wlialo consists of 
a prominent elevation, which rises to a height oC 1‘voni A I to 18 in. 
iiA)Ove the line of the baeh. Iho. tin is suoceecloil by a aeries of about 
six nuioli smaller prominences which decrease' in size iowards fho 
tail. None of these at all approaches (he alliliide of (he dorsal fin. 
They are. nevertheless, (jni(e obvious. On the vcii(ral surface (Ik* 
keel of the caudal region is continued forwards tow'arJs (he anus as 
a much more defini(e ridge than in the Bahenopferids. 

(^) Flipper . — The shape of the flipper is somewhat variable. In 
No. 21 the left pectoral appeared to have been damaged at some 
period, as there was a large notch on the preaxial side of (lie f ip. 

(h) Sper77iaccti . — Tn every specimen the quantity of flu's suh.slance 
was large, usually constituting alK)ut onc-third of the total oil yield 
of a w’hale of this species. It ocours all over the body as wc*ll as in 
(he head, but no attention is paid to it except in the hocul, the rest 
merely contributing to the general production of ‘sperm oil.* Tn 
the head there are three extensive cavities, an anter.. r single cavil' 
and two lateral cavities. T])ey all occur in the intei’ior of a lingo 
mass of exceedingly dense, fibrous connective tissue, wliicli, when 
drained of spermaceti, is of a snowy wliiteness. This mass con- 
stitutes the great bulk of the head, and rests upon the large cup- 
like structure formed by tlie lionos of the rostrum. The cavities 
do not appear to possess chTmitc lining'^, and when the oil runs out, 
masses of light, ^l)ongy tissue filled with the liquid fat run out rdso, 
ns if they had been loosely attached to the walls of tlic cavity. Tliev 
are probably liberated by the instnimonts introduced throng]) the wall 
of the cavity in the process of tapping the spermaceti. 

The following is the Tiiethod of tapping, \fter the wli.ile is fleiiscfl. 
the body is cut. off from the head, which is lefi ]\ing on its side 
The wliole head is covered by a thick coat r»f mixed muscle and 
tendon rnniiing longitudinally. The tendons are conspicuous, .and 
may be removed in considerable lengths with little difliculty. 1'be 
cutting of the hrdo in tliis capsule is ;m arduous work, and may 
occupy nearly nn hour. A inid-doi’sal and an anterior a])»rliire are 
made, and when the (‘avities have k»eeu penetrated, the sjK*rmaeeti 
T’lins on! as if from a pipe. A movalde wooden gutter is placed hi-neafli 
the hole, by means of which the oil is run into the two open l)rMlers. 
in which it; is cooked. 

Spermaceti is an almost eolourle.ss, transparent liquid, having a 
pale yellow tinge. It has not any noticeable odour, and tlie flavour 
is very faintly fishy, re.sernbling th.nt- of a fresli duck egg After 
boiling, the oil has n dark yellow’ colour wliile, liquid. When cold, 
both l^eforc and after boiling, it .sets stiff, but is not barrl, the con- 
sistency being about that of lard, ^fhe uses of this oil have been 
indicated in the Introduction. 

From the position of ihe spemriaceti, and also of the, blcAv-hole in 
PhyiipJer, the following function of the former mav be suggested: The 
food of the Sperm Whale is, in the main, composed of cuttlefish 
such as Archifpvthi^. As these forms are hathypelagic, it follows 
that the whales must descend to considerable depths to feed, and 
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remain submerf,^(3cl while feeding.^ A very rapid ascent would be 
exceedingly advaniageoiis after a prolonged immersion, and the more 
rapid the ascent wliicli could be made the longer the immersion could 
be continued. Tn order to be able to ascend as speedily as possible, 
it would be of the greatest advantage to possess a large mass of some 
material, having a lower specific gi*avity than that of water, which 
would act as a float, and such a material spermaceti is. Moreover, 
as the mass of the spei’maceii is placed in the head, and as it is of 
enormous size, even compared with the great mass of a Sperm Whale, 
flic animal will always ascend head first, and probably ncaily verti- 
cally, willi the result that the first portion of the body to come 
above the surface will he Die upper edge of tlie snout, the precise 
siiiialion of llio spiracle. Tt would appear, if Ibis suggestion be 
correct, that in order io descend and to maintain a submerged con- 
dll ion, muscular exertion is necessary, whereas ascent is automatic, 
and is merely accelcraied by swimming movements. These two 
])ninis arc in keeping witl^ ihe habits of the whale as indicated above, 
ft is possible that Ihe astounding feat wdiich lias l)cen credited to 
Physofrr, thal of hurling ifself bodily out of the water, is really the 
result of a Imnied nsernt from a considerable depili, which has been 

rapid that the animal lias shot ont of the w'ater on reaching the 
SI ?r fare. 

V. 'Fond of Flffcroif fyproiofi of "Whnln. 

The, slninachs of all Ihe species of ]\[yst acoretos examined con- 
I. lined Ihe remains of Mctjtnnirliphancfi vorrrgirn Sarsh some- 

limes in immense qiianlilics. Nothing else wms c\i r ^ecn. except 
some fragnienis of flesh on one oceasion, hnt I here can he little doubt 
I hat these had been driven into Ihe stomach by the exjdosion of the 
hai’poon. No fish of any sort W(‘re seen in the stomachs of any of 
these whales.^ 

The stomachs of the Sj)erm Whales invariably contained large 
qnanfitii's of ciiltlrfish honks, wdiicli might he readily divided info 
lavg(' and small si/('s, hni. apart from size, there was nothing to 
diffcronliale the Iw'o sei ics of beaks ffig. 1). A practically complete 
sjiocimen of one of the m<'»lluscs was fonn<l in the stomach of No. 22 
rihe fourth S]iei'm Whale). The following measurements were taken 


on this animal : — 

Ft. in. 

Longth of flio mantle 0 0 

rirenmferonoo of mantle i 0 

Length of tlie eijjrht sliort- ann'< . . • fi 0 

„ ,, tentaeles 21 0 

Lenj?Mi of t.ail IT 

Width of eandal fm 1 9.V 

Diameter of largest, siieker 0 l' 


Tn addition to (his specimen, we saw^ fragments of others of 
approximately the same size. The following specimens were pre- 
served: tip of tentacle, henk and rndnln in liquid, and a quantity of 
beaks and part of an internal shell in the dry state. An examination 


’ Vide Biirfield, op. ciV., p 15.*> 


' Vide Bnrfiold. op. cit.^ p. 178. 
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of these remnins leaves little doubt that the species is Architeuthis 
harvciji, Verrill ’ — tlie caudal fin was too much digested to indicate 
whether it had been sagittate or not. The distal series of small, smooth 
su(‘kers arc not now on the tentacle tip, but these again may have boon 




Fio. 1. — Architeuthis harnyi. Peak. Giro. J. 

lost owing to the same cause. No soft parts of any of the smaller 
cuttlefish were found. 

The molluscs appear to be quite lively when swcUlowod. as the’ -* 
are scars on the heads of the whales right up to the angle of the mouth. 
These have been produced by the vain efforts of the molluscs to save 
themselves. Sucker-marks were seen on the inside of one of the whales’ 
stomachs. Two or tlirec jawbones of some species of predaceous fish 
were found in the stomach of one Sperm Whale, but, except for these, 
nothing but cuttlefish remains were ever noticed. 

VI.— iVo/r.s' on a Few Miscellaneous S'pecimens Preserved, 

(a) One of the Norwegians gave us an object, taken from whale 
No. 5 (Finner), which was stated to have been ‘inside the ribs.’ 
This appears to be a pathological structure. It is a flattened, oblong 
objeej about 2} in, long, and 2 in. wide, and about J in. thick. Al 
one point there seems to have been a peduncle. The entire specimen 
has a very hard capsule of fibrous connective tissue, and is filled with 
a more or less reticulate mass, containing what may have been a coagul- 
able fluid. There is a certain amount of calcification in the outer layers 
just beneath the capsule, and a little fat is visible on treatment with 
Sudan III. The conclusion to which the structures observed point is 
that this i.s a region of connective tissue, which has become infiltrated 
with some pathological product, and has acquircil the tliick capsule in 
consequence of its abnormal condition. The infiltr.ating material is very 
varied, in some parts it takes magenta brilliantly, while in others it. 
stains in a very faint manner. The more brilliantly coloured tissue 
appears more hoihogencous than that which refuses to take the stain. 
The colour of the capsule is dark brown isli -grey, that- of the contents 
a deep cream (fig. 2, No. 1). 

(h) Tlicre are numerous roundisli glandular objects embedded iu 
tlie fnt which lies in the mid-dorsal region of the body cavity of the 
Finner and surrounds the great vessels. These are lymphatic glands. 
One such specimen preserved is of very in-egular shape. Tfc is U in. 
in greatest length and 1 J in. in greatest breadth (fig. 2, No. 2). 

• Trans. Coun. Acad, of Arts and Sciences, Vol. 6, Pt. 1, p. 197 (188(7). 
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(c) A number of greenish bodies were taken from a similar position 
in the Sperm Whale. The specimens are about 2^ in. long, about 
2 in. wide, and J in. thick, at the thickest part. The histological 
condition is exceedingly bad, as was to be expected from the general 
state of all the Sperm Whales which we saw. There is a connective- 
tissue capsule, and a great mass of the body is composed of the 
same tissue. 'J'here are two or three objects which may be sections 
of medullated nerves, and a number of rather thick- walled blood- 
vessels. No other structures can be recognised. 

(d) The rectum of Physeter has an exceedingly well-developed 
cuticular lining for the last four or six feet of its length. In the 



Fig. 2. — 1 . Calcified Body, from Finner No. 5. 2. Lympliatio Gland, Finner. 
3. Cystioorcus, from Phjseler, (All natural size.) 


first specimen in which it was observed the lining was detached owing 
to decomposition, but in a later example it was found to be attached 
to the remainder of the intestinal w^all. This lining is about ^ in. 
thick. It has a pale yellow colour, and is of a consistency somewhat 
resembling that of a very hard-boiled egg. It is laminated, and can 
1)0 readily split into layers. At irregular distances on the surface 
are hollows, penetrating pai*tly or completely through the lining. The 
edges of these hollows have a puckered appearance. The line of 
junction of this lining with the mucosa of the intestine is perfectly 
sharp. The lining thins out very much just prior to its cessation, 
and the edges of successive laminae are readily observed. The actual 
thickness of the lining whore it comes to an end is is in. The colour 
of the mucous membrane, which is fairly tough, is a dull pink, very 
much stained with sepia. Longitudinal sections of this region at 
the point of junction clearly show that this is a cuticle derived from 
the stratified epithelium of the rectum. The cuticle comes to a 
very abrupt termination, where it joins the mucosa, the line of 
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junction being very obvious in the slides. The epitlielial la>er is 
about half as thick as the cuticular. 


Vll. — Parih'iifcs, 

1. External. 

(a) Baheiiophilus luiisctua (Auriviilius). We have nolliiiig to add 
to BurfieUTs remarks on tliis species.'*^ 

(b) Pcnclhi (Kov. and Dan.). 'I'his parasite was observed on few 
of tlic whales examined, and only on iho I'inner. Three specimens 
were preserved, which vary in length from 5;} in. 1o 10 in. No 
males were found as a result of the examination of these females. 
\Ve frequently found white si-ars uiK)n the skin of B. musciilus, which 
were apparently healed wounds oaustnl t»v Pcnella, The scars took tlu* 
form of small oval marks about in. long and I in. wide. Beneath 
the white area the epidermis is more firmly adherent tlian in other 
parts of a preserved specimen, wliich supports the view' tliat thesf 
are healed wounds. \Ve often fiaind open wounds on tlie wdialcs. 
which had evidently been pnaluced by thi-^ parasite. 

.Ml the Penrlla which we saw occurred at lb(‘ beginning of the 
season, and in the latter pari of it only w'ounds from which the 
Dopepods had fallen were observed. U may therefore be suggested 
that the period of attachment of the parasite to tlie whale is less 
than a year. 

(c) Coronida (L.), iU\ Ott the llumpbai'k there were 

large quantities of tins .specie.s on tiie tips and esjieeially on the 
posterior margins ot the llippei-s. They wei^e also tbnnd cm tin' 
ventral furrows, and some small b})(cimcns were adhering behind 
the penis. 

A number of speeiineiis of CoucJunlrrtnn aurila (1j.) CK'eurred among 
the CoronaZcz, as well as a good numbei- of small spcc'iinens of ('ijaniiis, 
which last parasite was also generally scatleied ONor the head region. 
On Phyticter No. 15 four si)ecimciis of Pyanius were* aNo found i>ii 
the throat region, wliero there are a few short wiankh's. On ih(' tip 
of the lower jaw of Sperm Whale N(» 10 there was a small eolonv 
of Co)U-hodenna aurila^ wliile another specimc'ii of tlie same species 
was taken from the second toedh of the left side of the lowi'r jaw of 
Sperm Whale No. 2o. 

2. Internal. 

(a) Trernatodes. — Monos Ionium plica! um (Creplin) was found in the 
intestines c/f the fcdlcAving Finners: 1, d, Bh 2d, 2*1, 27, dO. 

(b) Nematodes. — We found nematodes, which appear to he of the 

genus A scans, in the; stornaclis of every Sperm Whale examined. 
They are generally very abundant. In the renal vein of the Megapiera 
the mass of iiematodc'S described later wais found, and in the posterior 
vena cava of B. sihhaldii, No. dd, a solitary, incomplete specimen of 
another nematode was taken. These worm.s all appear to belong to 
tlie Strongylida). As mentioned later, in tlic digitate structure oliserved 
in llie veins of B. nematode eggs were found, as was also 

OjK ciL, p. 179. 




liritisli A'l'^oriiir/i fi, SI/// Ueport, Aiistiuliii, l!)l I.! 


|Pl.\TK III. 
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ilio case in llic iUM^lil»fnn iK>f»(l f)f Dm mass of the womis found in ilie 
Humpback. 

(c) Acatithoceijhali.^' Kepresentatives of this group were found 
in evcrv sj)ecies except B, borfialh. 

li. nui.scutuf,, Ki hintnhijut'hait jtorrigens (Rudolphi), new host, 

/>. sibbald ii „ 'porrigens in small intestine, new hr* .t . 

„ brericollia (Malm). 

M, longimann „ porrigenst largo intestine. 

/\ mfirrncephalu'i „ r (von Linstow), new )kh1. 

„ „ bt'PL'irolli/t (Malm). 

(d) ('p'^ltuh's.- -One of ilio Norwegians drew our atleiitiou io a 
huge number of sofi while bodies ernbeddeid in the blul)ber uf one 
(*f file Sperm Whales. I'hey occurred in a more or less iiregular 
Mumner at a depth of from l A to 6 in. from the outer surface. Each 
Iwjdy is enclosed in a cyst with fibrous walls from whicli it is readily 
dclacluMl. 'riH‘ accompanying figure (fig. 2, No. 3) is taken from a 
specinum in good condition and undistorted. Sections of these bodies 
clearly ileinonstratc that they are the cysticercus stage of some OestcKle. 
Tli(‘ proscolcx occurs at one of the poles of tlie long axis. The 
I’rincc of Monaco’s account of the capture of a Sperm Whale off the 
Azoits in 1805 mentions numerous cysticerci in the blubber of that 
anirnnl, which are prol)nhly identical with those here described.'* 

(e) Slrurlurr found in Ihn rounl vi^ina tind po!<terinr rrnn cava 
(see tigs. 3 and 4). 

In w'lmle No. 8 cJ, while searching for the suprarenal, w’p came 
across a series of short, digitate processes, hanging into the lumen 
fif the vena cava at I lie point of entrance of the renal vein. A similar 
siructnr*' occurred in whales Nos. 12 o, 13 27 30 9, 32 o, all 

l'’iniiers. Tn two of Ilio Blue Whales, Nos. 17 9 and 33 9, it was 
also present, n.s well as in Megaptcra, No. 28 o, but in the last in 
.1 somewlial <lifforent form. Tn some specimens, owing to the manner 
in which the kidney was cut away from the body in removing tlie 
entrails, it was impossible io say whetbor the structure had been 
present or not. No trace of it w'as found in any of the Sperm Whales 
examined. 

The specimens pre.scrved are four in number, all differing from 
one another. The accompany ing figures show^ the two larger speci- 
mens. Fig. 3 is an example of the most digitate fonn. This 
specimen is not actually in tlie renal vein, but projects from the wall 
of the vena cava close to the point of entrance of tlie renal vein. 
The digitate processes are not actually tubular, but contain cavities, 
whicli in tlie free ends are nearly continuous, so that the w’hole 
jirocess is here practically a blind snc. The diameter of the processes 
increases from Iho free end towards tlie wall of tlie vena cava. The 
digitations unite at the point of attachment, and the structure thus 
formed is continued beyond the w^all of the vein tow’ards the kidney. 
It is most unfortunate that we were unable to^preserve a specimen 

" Vide A. E. Shiplcv, Archives dc Parasitologie^ TT., No. 2, p. 262, 1899. 

’= nuU. Mui*. \nf. liist., Paris, t. 1. p. 3lJ8, 1895. 



142 


REPORTS ON THE STATE OF SCIENCE. — 1914 . 

sufficiently large to show whether thei'e is an actual connection with 
the kidney itself. But from notes taken at the Station, I find that 
in one of the Blue W' hales this structure was fallowed up, and thit 
branches of the renal vein were found blocked by it in the proximal 
region of the kidney. This was also the case in the Humpback, 
No. 23. 

The interior of ihe digitations shows tlic cavities above mentioned, 
separated from each otlier by walls of connective tissue continuous 
with the tissue (-f the walls of the hibe In section tlie wall is seen 
to be composed of fibrous connective tissue very dense externally, 
but more open in tlie inner layers, where there are also some iuhIuIi's 
of lymphoid tissue. The partitions between adjacent cavities ctane 
off from the imior layers of the outer w-all. There are a few blocKl- 
vessels in lliese structures. The cavities are filled with mali'rial whirli 
vanes in consistency from that of a rather stiff pulp to a stony haixl- 
ness. In the hater cose the ntaterial contains a varying amount of 
inor^tinic salfs. c-hit/Iv calciiiiii phosphate, of which tl. H' may he as 
much as t'O /'cr cent, jiresenl. Those concre'fions are very hard in 
tlie fully calcified condition, and are rounded in furin in tin' Fiiiiiers, 
hat more rod-like in specimens taken from a BLie Whale and the 
Humpback. The soft* material varies in its c^.inposition. In its 
softest state it is eas’ly tensed out in water, ami i' then seen to he 
composed of a mass of nematode eggs. Alfhongli llie shells are 
\i-vy thick, and resist liie action of pun‘ nitric acid and of strong 
alkali, they are very transparent, and embryos may be seen in tlicii- 
interiors in stages of development varying from mornla-like masses 
to small coiled w*orms. In ihe partially calcified material it is still 
possible to separate by teasing numbers of tliese ova, wdiich arc 
here covered with the calcium deposit. On the a|)plication of mineral 
acid the inorganic material dissolves away, leaving the ova distinctly 
iecognisahle as such. 

Fig. 4 shows a specimen wdiich is confined to the renal vein, ami 
has no digitations hanging into the vena cava. There is a single 
cylindrical body about 6 in. long attached to the wadi of the 
renal vein by strnp-like bands of varying breadth tapc)*ing somewhat 
towards their junctions with the body. Sections of this l)Otlv show 
the thick w’all, partitions, and congregations of ova, as described above. 
The ova appear to be embedded in a matrix nearly homogeneous, but 
containing numerous small rounded bodies, wliicb stain darkly with 
Ehrlich's }ia3matoxylin. They may be nmdei, and in that case indicate 
that the matrix is probably cellular. In the renal vein of Megaplera a 
mass of tissue was found of an elongated form, and containing hard 
calcareous material together with a number of tangled nematode worms, 
whi(*h appear to belong to ihe family Strongylidm. The worms were 
mostly enveloped in sheathing tissue attached to the wall of the vein, but 
the sbeafh was not always complete. 

There can be little doubt that the presence of these worms affords 
the key to the formation of the growths described above. It is known 
that the presence in a vein of any object the surface of which is 
not smooth, or of lesions of the intima of a blood-vessel, produces 
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a thrombus, which may in the course of time become organised. 
The organisation takes the form of a proliferation of the fibrous tissue 
of the blood-vessel wall, which in the course of time entirely replaces 
the thrombus. This tissue may be supplied with blo^-vessels. 
Thrombi may become calcified, and the deposition of calcium salts 
is one of the striking features of the structures under consideration. 
Again, metazoan parasites have been known to cause thrombi, and 
ill the cases before us it is higlily probable that the nematodes have 
pixxluced vascular lesion, or the mere presence of the eggs may have 
been sufficient to excite coagulation of the blood. From either of 
these causes the thrombi may have been formed, becoming subse- 
quently organised. It is interesting to note in this connection that 
pedunculated, if not digitated, thrombi have occurred in the human 
subject. The thrombus in Megaptera appears to have actually enclosed 
the worms which caused it, and they have been retained by the 
subsequent organisation. 

Vlll. — Foetuses, 

B, musciilus , — None of the foetuses examined by us were suffi- 
ciently small to be of use for embryological purposes. They were all 
perfectly formed, and even in the smallest (3 it. 11 in.) the ventral 
furro\N s of the adult were represented by inero lines. 

Table VI. contains a list of the foetuses, and a detailed list of 
measurements will be found in Table XII. It may be noted that 
the 8 ft. foetus of No. 30 was mutilated by some of the workers 
before we arrived on the scene, while that of No. 31 was destroyed 
before the female was opened, apparently by the harpoon explosion. 
The sizes of both of these are therefore estimates only. The foetus 
of No. 47 (9 ft. 4 in.) was in a hopeless state of decomposition, and 
very few measurements could be taken upon it. 

(a) Body form , — In all the fmtuses which we saw the form was 
tlie same as in the adult, but in the smallest it was noticeably more 
robust. 

(b) Colouration , — ^This character does not differ from that of tlic 
adult animals. The dark tint is found in the same situations. The 
smaller foetuses are very much less pigmented. In the 3 ft. 11 in. 
faTus the whole skin was gorged with blood, and the black colour 
was confined to the following localities: back, tip of dorsal fin, tip 
of flippers, tips of flukes, tip of rostrum, and symphysis. 

B, sibbaldii , — One specimen, 7 ft. 7 in. in length, was seen. The 
upper surface was pale grey, the distal part of the dorsal fin and 
the external mouth parts were stained with black. 

IX . — Breeding Season of the Balcsnopterids. 

A factor which may be used in attempting to ascertain the probable 
breeding season of the large whales is the sizes of the foetuses observed 
at different times. Leaving for this purpose the Blue Whale out of 

Macfarlane, Text Book of Pathology , 1904 ed., pp. 107-8. Green, Manual 
of Pathology, 11th ed., p. 66. 

Green, op, eit,, p. 389. 
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account, because very few of this species have been seen in the pregnant 
condition, the six fa'tuscs which wc saw have the following clinicnsions ; 


, I lily L") 
Aiig. 7 

i27 


„ 0 


Ft. in. 
15 0 

S 0 
4 0 

7 lU 
;{ II 
0 4 


Hurru'Urs table of foetuses observed in Hill is as follows : 


Julv 12 . . K 11 

10 4 11 

„ 20 S 5 

„ 24 . . . • 0 (» 

Aug. 7 5 0 

..11 0 0 

Sept. 10 0 0 

..18 0 5 

Tlie young whale appears to be about ‘20 ft. long when born. 
If the size of the foetus is proportional to the length of gestation 
wliich has elapsed since pairing until the lime when the itutus is 
measured, and if the period of gestation is ten months,^' then lh(‘ 
fertuses found must have been tiic result of pairings at approxunatcly 
the times given opposite each in the ta})le which follows:--- 


duly 15 
Aug\ 7 


Sept. 4 
„ 0 


Ft. in. 

15 0 ag«’ 

SO,, 
4 0 „ 

7 10 „ 


71 lUMfiths, palling loi»k plate lletoinbor-.laiiuary. 
\ „ ,, .. Apiil (lic gi lining). 

2 ,, ., .. .Iiinc. 

1 .. ., Apiil (rnri). 

2 5uly (bt'gimmig). 

5 „ „ ,, Mav. 


Pursuing the same idea with the 1911 faliises, we Ilim*.*"- 

Ft. in. 

July J2 . 8 11 age 41 innnili*', pairing louk plate March (begiuuiiig). 

„ Hi . 4 11 21 .. „ May {begiiming). 

„ 20 . S 5 „ 41 .. March (bcgiiuiiiig). 

„ 21 . 0 n „ 5 .. ,, April (end). 

Aug. 7 . 5 0,, :» .. .. .May. 

„ II . !) 0 ., 5 ,, „ ., March Apiil. 

.Sept. 10 . y 0 „ 5 ,, ., May (beginiiiiig). 

„ IS . y 5 „ 5 „ „ May. 

These times can only be regarded as apiuuximale, esen if llic 
premises upon wliicli tbey arc liased lui correct. It is, liov.ever, 
suggested by this table that pairing may take jilace at any time 

between the end of December (llie first in the 1913 series) and the 
beginning of July (fifth in llie 1913 table), at intervals of )-oughly 
two months. Tliis would indicate that the Ilalamojiierids are, at any 
rate, polycestrons, and in seascni in Deeemi)er (February?), April, and 
Jiine. All femalc'S W'onld not be fit for bi'ceding luAually simultane- 
ously, but tlie jii’f'cise time would vary for differmit individuals, and 

Hiirrifhl, t/p, p, 1.55. 
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this would account for some pairings occurring at such times as the 
beginning of July or tlie beginning of May. 

Snell cases would belong to the June and April cestra respectively. 
It is probable that such an arrangement would be advantageous. 
As the wdiale is a pelagic animal and individuals are widely separated, 
a frequently recurring breeding condition would bo of great advantage to 
ail animal in which jiairing is to a greater or less extent casual. The 
above suggestion, which was originated by Mr. Daniel, appears to afford 
a. possible explanation of the extraordinary variability in the sizes of the 
feetuses, apparently w'ilhout regard to the season, a circiirnstance which 
the idea of a definite moTnesirous condition dfies not elucidate. (It is 
interesting to note that on Juno 101^, at the Inishkea Station a 
hot us only o in. long was found, wliich must hav(i been but a week or 
two old, i.c., of the June pairing, according t('> the preceding inetluxl 
of reckoning the ])airing times. It was. most unfortunately, not j)ossiblc 
to preserve it.) 

AiUlilionaL Sales. 

(u) E.rtinvtion . -The whalemen slate that of the whales which 
tht‘v see they are able to take only about one in ten. The animals 
are. therefore peihaps not in immediate danger of being actually killed 
out. 'Fhe most serious risk lies in the fact that the largest, and 
therefore the adult, w'hales are being exterminated. True gives as tlie 
minimum length of adult animals It. 7 in., as no [)regnaiit females oi 
less dimensions have been recorded. Now the whalers will take ain/- 
tliiiu/ over 40 ft., w'lth the result that the animals which base attained 
sexual maturity are in the gravest danger of being killed out. That the 
largest W'hales rt re being e.xterrii in ated, the fall in geneial .size at Blacksod 
between 1911 and 191d may indicate. 'Fliis menus that the whales 
which arc capable of reproduction arc being destroyed. By the time 
that it IS no longer profitable to hunt whales,*'’ it appears likely that the 
adults will have been so thinned out that they will no longer be able to 
reproduce with sufficient profusion to compensate for natural casualties. 
When this occurs the whales will be well wilhiii sight of extinction. 

(h) Capture of Blue Whalcb.- -01 all the species which it is profit- 
able to pursue the whalers state Mint the Blue Whale is the wildest, 
and they will not hunt this species if other game is to be had. A 
Blue WJiale on perceiving the,' pulsations of the ])ropeller of the 
a])proaching steamer is usually startled, and, if alarmed, at onc(* 
rushes off at full speed. Sine, this re])resents something like twenty 
miles per hour, it is (juite useless for the boat to pursue the fleeing 
animal, the speed of the steamer being onl\ ten or twelve miles per 
hour. When the w'halers are bent on catching a Blue Whale, it is 
sometimes necessary to accempany tlio animal for three or four days, 
until it becomes accustomed to the presence of the. steamer, which can 
then approach within range, and the whale is speedily disillusioned as 
to the hannlessness of the now' familiar object. 

(c) MHfraiion Moveuicuts. — ^During the earlier part of the season 
the Mystacoceies are stated to travel in a north-easterly direction, 

*• Burdeld, op. cit., i>. 153. 

1914. L 
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dul’iiig the later part in a south-westerly, if this be so, it may be 
concluded that tlie latter is llic return journey of those whales which 
have passed north in tlie beginning of the season. 

Tiie solitary Humpback, taken on July 25, was moving in a direc- 
lion ihe itoerse of tJiafc wiiicli the Kinners and Blue Whales were 
pursuing' t\t the same time. 

The only Sejlival which was captured was brought in on Sej)tein* 
Wr 0. a fact \Nhich is to be noted in conneelion with the whalers’ 
statement to Burl’ieKb^* that tlie Sejhval disappears by the end of June. 

'ri\e following is the eKplanution which the whalers givo of 
the occurrence of Sperm Whales in these Nortliern waters. In tlio 
Southern seas each adult male is the leader of a herd of females, and 
as the doling Inills ai)proach maturity tlie\ are driven off hy the old 
leader. These young bulls do not become leaders of herds, as they are 
inferior in strength and size to the fully adult males. But when fully 
grown they seek out herds, and contend with the leadei’s for tlj«' 
possession of the females. If tlie old males arc tlien d^’iveii off, they 
become solitary wanderers, and frequently travel u\) into the North 
Atlantic. In connection with this theory it may he mentioned that 
tlie Sperm Whales taken at Blaeksod and Inishkca are all males, and 
of great size for Sperm Wliales, w'hicli seldom (‘xcoed 60 ft., the 
average for the tea BUcKmicI specimens bein;: 57 ft. in., while 
the smallest was 63 ft. 
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Table II. — B. sibbaldu. List of Specimens, 


Number | 
of Whale, 


Date when 
Measured 


Sex 


Total 

Length 


Number ! 
of Whale 


Date when | 
Measured ' 


Sex 


^J’otal 

Length 
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0 

Table III. — B, borealis. One Specimen. 




Number of 
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Date when Mea.sured 
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'I’otal Length 
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Table IV. 

— M. longimam. One Specimen. 
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Total Length 
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Table V. — Physeier macrocephdus. List of Spec imens Taken. 
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Table VI. — Fmtusea. B, musculus. 
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33 


Table VII. — B. sibbaldii. 
Date when Measured 
Aug. 18 


One foetus. 
Sex 


Total Length 
Ft. in. 

8 0 



Table VIIT. — B. tnus€uiu.v. MoasiiixM tun ts. 
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Tablk VIII.— fi. museulus, Measurcmeuts (eontinufid). 
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Occupation of a Table at the Zoological Station at Naples.— 
Report of the Committee, consistmg of Mr. E. S. Goodrich 
(Chairman), Dr. J. H. Ashworth (Secretary), Sir E. IUy 
Lankester, Professor W. C. McIntosh, Dr. S. F. Harmer, 
Professor S. J. Hickson, Mr. G. P. Bidder, Dr. W. B. 
Hardy, and Dr. A. D. Waller. 

'luii British Association table at Naples has been occupied since the 
beginning of October 1913 by the Hon. Mary E. Palk, and from 
March 17 to April 15, 1914, by Mrs. H. L. M. Pixell-Goodrich. An 
application for the use of tlie table in September and October has been 
received from Mr. J, Mangan. M.A., Government School of Medicine, 
Cairo. 

The following reports have been received: — 

The Hon. Mary E. Palk reports: ‘ I have occupied the Naples table 
of the British Association since October last. I have been engaged on 
a revision of Professor Anton Dohrn’s monograph of the Pycnogonida 
of the Bay of Naples. The work is slow because of the difficulty of 
preparing these animals, and the modifications I have made to Dr. 
Dohrn’s work are chiefly histological. I have been unsuccessful in 
my attempts to study the habits of ih4 living animal. I do not yet feci 
justified in publishing the results of my researches, as most of my 
conjectures require further proof, which it is not always easy to obtain. ’ 
Mrs. H. L. M. Pixell-Goodrich reports : From March 17 to April 15, 
1014, I occupied the British Association table at the Stazione Zoologica, 
Naples, During this time I searched for parasitic Protozoa in various 
marine invertebrates, and investigated chiefly stages in the development 
and sporogony of Lithocystis and Urospora of Echinocardium cordaium 
and Gonospora of Glycera siphonostoma. The results of these researches 
I Hope shortly to publish. * 

The Committee being wishful to encourage zoologists and physi- 
ologists to apply for the use of the table, and believing they are often 
deterred from applying by an exaggerated idea of the expense involved, 
prepared a statement giving an estimate of the cost of going to and 
living in Naples. A copy of this statement was sent to every zoological 
laboratory and most of the physiological laboratories in the United 
Kingdom. It is hoped that increased use will be made of the excellent 
facilities which the table offers for the prosecution of researches in 
Zoology and in the Physiology (including the chemistry) of marine 
organisms. 

In the report for last year attention was drawn to the sum of 60Z. 
remaining in the hands of the Committee. Professor Hickson, on 
retiring from the Chairmanship of the Committee, transferred this sum 
to the present Chairman. The Committee have therefore required only 
50Z. from the Association this year to complete the sum due for the 
upkeep of the table. 

The Committee ask to be reappointed with a grant of lOOZ. 


MARINE LABORATORY, PLYMOUTH. 
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Marine Laboratory^ Plymouth.— Report of the Committee, con- 
mting of Professor A. Dendy (Chairman and Secretary), Sir 
E. Eay Lankester, Professor Sydney H. Vines, Mr. E. R. 
(tOOdrtch, and Professor J% P. Hill, appointed to nominate 
competent Naturalists to perform definite pieces of work at 
the Marine Laboratory, Plymouth. 

Since the date of the last report the use of the table has been granted 
<0 Mr. J. S. Dunkerly for one month for the purpose of investigating 
Protozoa, especially those parasitic in fish. 


Experiments in Inheritance. — Final Report of the Commitlcc, 
consisting of Professor W. A. Herdman (Chairman), Mr. 3\. 
Douglas Laurie (Secretary), Professor R. C. Punnett, and 
Dr. H. W. Marett Tims, appointed to enable Mr. Laurie 
to conduct such Experiments. (Dratcn up by the Secretary.) 

I'liR experiments were commenced in December 1907 with the object 
set forth in the first interim report presented to tlie Dublin Meeting of 
the Association in 1908. They were brought to an end in 1911, and 
some of the results summarised in the report to the Portsmouth 
Meeting that year. A more detailed account is now given in this 
final report. 

The data concern in the main two mattera: (A) the inheritance of 
yellow coat colour in mice, and (B) the inheritance of dense and 
dilute colourdtions in mice. 

The following dense colours have come under my notice during 
the experiments: yellow^ golden-agouti, cinnamon-agouti, black, and 
chocolale. On tlie presence and absence hypothesis, 


homozygous golden-agouti may be represented by zygotic formula yy GG BB Ch Ch. 
„ cinnamon-agouti „ „ „ yy GG bb Ch Ch. 

black „ „ „ yy gg BB Ch Ch. 

„ chocolate „ „ ,, yy gg bb Ch Ch. 

where Y = factor for yellow colour (not barred). 

G ~ „ barred arrangement of yellow colour found in hairs of 

agouti (grey) mice.' 

B = „ black colour. 

Ch ~ „ „ chocolate colour. 

Yellow appears to bo always heterozygous, and zygotic formulae representing 
various kinds of yellow mice may be arrived at by replacing yy of the above series 
by Yy. 


Each of the above colours may o<scur in a dense form, in which the 
pigment is densely deposited, or in a dilute form ; . these dense and 

M 2 I 
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dilute conditions ere allelomorphic, and may be represented by 
presence or absence of the factor D. 

Further, any of the above conditions may be present potentially, 
but remain undeveloped in absence of some colour-activating material 
which may be represented by factor 0; in the absence of this factor 
the animal is an albino. 


A. The Inheritance of Yellow Coat Colour in Mice, 

In the first place, all my yellow mice appear to be heterozygous in 
respect of their yellow coat colour; none which have been fairly tested 
breeding true to yellowness, but on the other hand giving offspring 
which include, in addition to yellows, a proportion of individuals 
whose colour is other than yellow. Yellow is incompletely epistatic 
to black and chocolate. 1 fiiid that, as Durham points out, black 
pigment may be present in the hairs of yellows throwing blacks, and 
chocolate pigment in the hairs of yellows throwing chocolates. 
Moreover, the degree of development of these other pigments in the 
hairs varies a good deal during the life of the animal. 

The tendency to abnormal fattening of yellow mice pointed out by 
Durham was also evident in the mice used by me, 

I arrange the matings which concern yellow mice in two tables; 
yellow X yellow, and yellow x other colour. The abbreviations in 
brackets indicate the immediate parentage of the mice concerJied. 
Where the heterozygous nature of a yellow mouse is not shown in 
the table by its ofispring a note is added of some additional mating 
showing it to be heterozygous (see tables on pp. 164, 165, and 168, 
169). 

I. In regard to the matings yellow x yellow given in the table 
on pp. 164 and 165 certain points may be noted: 

(a) Twenty-six of the mice used were derived from the cross 
yellow X yellow, and expectation was that at least one-third of 
these would prove to be true-breeding yellows. There are only two, 
however (marked with asterisk), which could possibly answer to this 
condition, and there is no evidence about them beyond that given in the 
table. It will be seen that they produced only two and three young 
respectively. Matings with other mice designed to test them 
gametically proved sterile. It would evidently be inappropriate to 
quote these as examples of mice homozygous in yellow. 

(5) Tlie total number of offspring is 72 ydlow and 41 other 
colour. On the theory that yellow-bearing gametes do not conjugate, 
one would expect the ratio 3:1, from which the calculated result of 
the above matings would be 84'75; 28*25, a very poor approximation 
indeed. On the altefnative theory that the yellow-bearing gametes do 
actually conjugate but that the zygotes so produced perish before 
birth, one would expect the ratio 2:1, from which the calculated 
result would be 75'3:37'6, a very close approximation to the experi- 
mental figures. Tlio latter suggestion, moreover, harmonises with the 
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combined results of Cu6not, Castle, and Durham/ Adding my own 
results to those of the other observers named, we find: — 

Yellow. Other colour. 


Cu6not 

• • 

263 

100 

Castio (1010) 


800 

435 

Durham (1911) . • . . 

* • • 

448 

232 

Laurie 

. 

72 

41 

Experimental . . . . 

, . • 

1583 

808 

Calculated 2 . . . . 

• • 

1594 

797 


It is of interest to find this anomalous result confirmed from 
experiments vfith an additional independent strain of mice. 

(c) The number of young in a litter from yellow x yellow wliidi 
survive to an age at which their colour is determinable is small, 
averaging only 3‘64, as against 4‘58 among mice of other colours. It 
is possible that this is associated with the hypothetical abortion of 
zygotes homozygous in yellow. Cu^not and Castle find a similar 
though smaller difference in size of family; but, on the other hand, 
Durham does not. (See Appendix A.). 

II. Tlio table on pp. 168 and 169 shows a list of matings of yellow 
X other colour. One notes : 

(a) The 64 matings of yellow x other colour give 131 yellow : 
125 other coloured young, expectation being, on the supposition that 
all the yellows were heterozygous, 128: 128. 

(b) There were 36 yellow mice involved in ihe matings, of which 
11 were known from their parentage to be heterozygous. The 
l emaining 25 were derived from yellow X yellow, and one-third at least 
of these should have been gametically pure to yellow and have given 
only yellow young when mated to mice of any other colour. But all 
save one, and this had a couple of youngsters only, threw some other 
colour in addition to yellow. 

(r) Of the 25 yellow mice ex yellow X yellow 14 are recorded also 
in the list of matings of yellow x yellow, so that 11 remain to be added 
to the 26 of the oilier list, making 37 yellow^ mice of which belli 
parents wore yellow, and of which none, on being tested adequately, 
proved to be homozygous, though about a dozen should have been so, 
even assuming both the yellow parents to have been in each case 
liftterozygous. 

(fl) The number of young in a litter from yellow X other colour 
which survived to an age at which their colour was determinable 
averages 4*74, much the same as in the case of matings in which both 
parents are some colour other than yellow, where the average is 4*58. 
There is no reason associafed with the theory of abortion of zygotes 
Y Y wdiy this should be otherwise. There is, of cx)urse, no opportunity 
for the formation of such zygotes in the mating of yellow x other 
colour. 
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Elixch carrying blue (Dd BB) x silver-fawn {dd 66 ). 

Ft 1 black : 4 blue observed. 

2*5 2*5 calculated 1 . 1 ratio. 

Black carrying cKoccicAt (DD Bb) x silver-fawn (dd 66 ). 

Fi 14 black : 10 chocolate observed. 

12 12 calculated 1 . 1 ratio. 

Blcwh carrying blue (Dd BB) x black carrying silver -fawn (Dd Bb). 

Fi 2 black : 1 blue observed. 

2*25 0*75 calculated 3 . 1 ratio. 

Black carrying blue (Dd BB) x black carrying chocolate (DD Bb). 

Fi 4 blacks observed. 

4 calculated. 


Black X chocolaU. 

Black homozygous (DD BB) x chocolate homozygous (DD bb). 
Ft black (DD Bb). 

F 2 16 black ; 7 chocolate 

42 17 Durham. 


58 24 observed. 

61*5 20*5 calculated 3*1 ratio. 

Black homozygous (DD BB) x black carrying chocolate (DD Bb). 

Ft black. Four matings gave 16 black young. 

Black carrying chocolate (DD Bb) x chocolate homozygous (DD bb). 

Ft 4 black : 4 chocolate observed. 

4 4 calculated 1 . 1 ratio. 

Black X blue. 

No matings DD BB x dd BB, but Fi from black (DD BB) x black carrying 
blue (Dd BB) gave 16 black young as the result of throe matings. 

F 2 . None of the Ft generation were mated, but the followbig results of matings 
between blacks unconnected with the above arc such as would bo expected if both 
blacks carried blue (Dd BB). 

DdBB DdBB 

33 X 35 9 6 black : 2 blue. 

33 ^ x 35 $ „ 3 1 

33 X 36 $ „ 7 2 

26 (J X 23 9 „ 1 1 


16 6 

50 13 Durham, F^ from black x blue. 


66 19 observed. 

' 63*75 21*25 calculated 3 . 1 ratio. 

Chocolate x sUver-fawn. 

Chocolate homozygous (DD bb) x silver-fawn (dd bb). 

Fi chocolate (Dd bb). 

Fj 14 chocolate ; 7 silver-fawn. 

3 ^ 1 ex pair chocs, of unknown parentage. 


17 8 observed. 

18*75 6*25 calculated 3 . 1 ratio. 
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Durham did not carry any mating of the above type into the F2 generation. 

Chocolate carrying silver-fawn (Dd bb) x silver-fawn (dd bb). 

Fi 7 chocolate : 10 silver-fawn observed. 

8*5 8*5 calculated 1 . 1 ratio. 


Blue X ailver-fawn. 

No matings dd BB x dd bb. But» as above recorded, a black carrying blue 
( Dd BB) X silver-fawn (dd bb) gave black and blue in Fj. 

F2 from these Fi blues (dd Bb) : 

2 blues : 2 silver-fawns. 


4 

1 

ex pair blues of unknown parentage. 

(i 

a 


4C 

17 

Durham. 

52 

20 

observed. 

54 

18 

ealeiilated . 1 ratio. 


Silver-lawn x ailoer-fnion. 

Silver-fawns should breed true, since they represent the lowest term of the epistatio 
colour series associated with absence of factor for dense deposition of pigment. 
Xygotic formula dd bb. 

Five matings between silver-fawns gave 28 silver-fawn young. 


APPENDIX A. 

Average Number of Young in Litter. 

Diuham’s data are included for comparison; each of her averages 


is based on at least 75 litters. 


Average per litter 
Jjaurie Durham 


Yellow 

X yellow 

. . 3 &i (31 litters) 3-90 

Yellow 

X other colour .... 

. . 4-74 (54 

) 3-97 

Agouti 

X agouti 


3-47 

Agouti 

X other colour (not yellow’) . 


3-32 

Black 

X black 

4-83 (23 „ 

) 4*60 

Black 

X other colour (not yellow) . 

. . 4-29 (14 

) 3-90 

Blue 

X blue 

4-24 (21 

) 

Blue 

X other colour (not yellow) . 

. . 512 (26 

) 

Chocolate 

X chocolate 

. . 4-32 (25 

) 3-96 

Chocolate 

X other colour (not yellow) . 

. . 4-71 (34 

) 3-93 

8 ilver-fawn 

X silver-fawn 

. . 0-60 ( 5 

) 

Silver-fawn 

X other colour (not yellow) . 

. , 4-79 (14 

) 

Albino 

X albino 

. . 618 (17 

) 

Albino 

X yellow 

. . 4-60 (25 

) 

Albino 

X colour (not yellow) , 

. . 419 (41 „ 

) 4-27 


In the above records, both Miss Durham’s and my own, only 
those mice are counted which lived long enough for their colours to 
be determined. 

The strikingly, smaller size in my experiments of the average litter 
ex yellow x yellow, as compared with the other matings, is commented 
on above. A lesser difference was observed by Cu^.not also (yellow x 
yellow 3‘38; yellow x other colour 3*74) and Castle (yellow x yellow 
4*71; yellow x other colour 5*57). On the other hand, Durham’s 
figures warn one to be cautious as to one’s inferences. 
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The data from which the above averages are calculated are. as 
follows : — ' 


Yellow X yellow. See Hat. 

Yellow X other colour. See list. 

Black X black gave 7, 6, 3, 6, 7, 9, 4, 2, 8, 4, 2, 5, 4, 4, 4, 3, 2, '6, 5, 7, 7, 3, 4. 
Black X blue gave 3. • ^ ^ 

Black X chocolate gave 2, 2, 4, 2. 

Black X silver-fawn gave 5, 6, 6, 8, 4, 6, 2, 5, 5. 

Blue X blue gave 7, 4, 4, 7, 2, 4, 3, 6, 3, 2, 3, 5, 4, 6, 6, 4, 3, 8, 2, 2; 5. 

Blue X chocolate gave 6, 7, 6, 2, 7, 6, 6, 5, 4, 4» 7, 8, 7, 4, 3, 6, 2, 4, B, 7, 4, 7, 

3, 6, 7. 

Blue X black. »See black x blue. 


Chocolate x chocolate 7, 4, 6, 3, 6. 3, 1, 2, 2, 2, 5, B, 6, 5, 6, 2, 2, 6, 6, 6, 4, 6, 7, 
3, 6. 

Chocolate x silver-fawn gave 5, 3, I, 7, 4. 

Chocolate x blue. See blue x chocolate. 

Chocolate x black. See black x chocolate. 

Silver-fawn x silver-fawn gave 7, 3, 6, 6, 6. 

Silver-fawn x black. See black x silver-fawn. 

Silver-fawn x chocolate. See chocolate x silver-fawn. 


Albino X albino gave 5, 2, 4, 6, 6, 6» 6, 4, 5, 6, 5, 4, 1, 6, R, 6. 

Albino X yellow gave 6, 1, 4, 5, 6, 6, 4, 5, 7, 6, 7, 5, 5, 3. 3, 5, 5. 5, 4, 2, 7, 3. 7, 2, 2. 
Albino X colour other than yellow gave 4, 3, 4, 1, 7, 2, 4, 7, 5, 8, 6, 5, 6, 4, 4, 7, R, 
C, 3, 3, 2, 4, 1, 2, 2, 2, 4, 8, 4, 2, 5, «, 3, 4, R, 5, 6, 2, 5, 4, 2. 


APPENDIX B. 

Albino Mice. 

I crossed many of my mice with albinos in the process of testing 
their genetic behaviour. There appears to be no need to set out Iho 
results in detail, but the following points may be noted: — 

The size of litter in the three types of mating — albino x albino, 
albino X yellow, and albino x colour other than yellow — is given in 
Appendix A. 

The colour composition of the litter's from albino x colour con- 
formed to the rules now well established for the here/lity of albinism 
in mice. 

Fourteen of the matings albino x colour yielded some albino young; 
the total young from these matings numbered 37 albino: 30 coloured, 
expectation being equality. 


APPENDIX C. 

Piebald Mice. 

A piebald chocolate-and- white mouse appeared in a litter born to n 
chocolate mouse bought in kindle from a dealer. I bred from it to the 
pj generation in order to assure myself that it acted as a recessive to 
self-colour. 

JReferenees, 

BATE.SON 3903 . ‘ Proc. Zool. Soo.,* London. 

. 1909 . ‘Mendel’s Mnci^les of Heredity* (coloured ilhiR- 

trations of mice). 

. *Ber, Deutsoh. Bot. Qes./ vol. xxv. 


Bavb 


. 1907 
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The Question of Fatigue from the Economic Standpoint . — 
Interim Report of the Committee, consisting of Professor 
J, H. Muirhead {Chairman), Miss B. L. Hutchins (Secre- 
tary), Miss A. M. Anderson, Professor BaInbridge, 
Mr. E. Cadbury, Mr. P. Sargant Florence, Professor 
Stanley Kent, Mr. W. T. Layton, Dr. T. G. Maitland, 
Miss M. C. Matheson, Dr. C. S. Myers, Mr. J. W. Bams- 
BOTTOM, and Dr. J. Jenkins Kobb. In addition, help has 
been kindly afforded by the following : Miss Mabel Atkin- 
son, Dr. Wm. Brown, Mr. Arthur Greenwood, and Dr. 
Udney Yule. 

The Coinmitlee has met four times, and has made a preliminary 
survey of the subject of investigation, and has discussed the matter 
at some length. 

An extensive Bibliography of Fatigue has been pi’epared for the 
use of tbe'Ck>mmittee by Miss B. L. Hutchins. 

A short report has been drawn up on industrial experiments in 
shortening hours, also by Miss Hutchins. 

Some notes have been kindly contributed by Dr. William Brown 
on the existing state of psychological knowledge in regard to fatigue. 

A Memorandum on the provisional aims and meth^s of the inquiry 
has been drawn up by Mr. Eamsbottom, and adopted by the Com- 
mittee as a basis of its future work. 

As a result of our preliminary survey, we have become aware that 
a considerable amount of work on the subject has been done in America 
and on the Continent of Europe, and, so far, comparatively little in 
this country. 

We consider, however, that but little definite information exists, 
and detailed scientific investigation is badly needed, especially in 
view of the rapid development of the factory industry and the pro- 
gressive urbanisation of the working class in this country. 

We propose, if reappointed, to adopt the following method of 
investigation: — 

Mr. Eamsbottom has defined the object of inquiry as being * to 



m 


REPORTS ON THE STATE OF 80IEN0E.—1914. 


ascetteiu t\ie effect on physique, ttccldeut occurrence, production and 
general social well-being of present ^conditions relating to fatigue 
occurrence in industrial work, and to discuss possible improvements 
therein, and the best methods of obtaining them.' We concur with 
this definition. 

We hope that Dr. Maitland, being a member of our Committee, 
will prepare a short rosum6 of existing knowledge on the effects of 
muscular and mental fatigue respectively. Wo shall also endeavour 
to ascertain what are the main subjective and objective detenuinants 
of fatigue; e.g., what is the relative importance of muscular work, 
mental strain, monotony, atmospheric wet-bulb temjjeratui’e (kata- 
thermometrio condition), noise, light, etc. ; and to discover some 
reliable physiological quantitative index of fatigue, and the chief 
physiological effects of over-fatigue. 

We shall consider the questions what increase, if any, lias occurn'd 
in general morbidity in recent yeaiTs, and to what extent this ean he 
ascribed to industrial fatigue ; and what difference ean be traced between 
the morbidity cases of workers in various age groups from li ’teen 
upwards engaged in occupations involving long hours of work or 
si)ecially fatiguing conditions, and those for all workers or workei-s in 
fairly easy occupations. 

We shall also consider the incidcnco of industrial uccideiils in 
relation to hours of work; and ll?b variation in the oiitjiiit of xsork 
per hour during tlie day, and the output per day witli various lengths 
of working-day. 

We propose to give special attention to the speeding-up of 
machinery, and to inquire liow far this has been ncconipanied by a 
reduction of hours. 

We shall also consider the probable social reactions ot over- 
fatigue, and what general remedies, if any, may seem most promising 
and hopeful. 

The Committee has made a preliminary division of the work, as 
so sketched, among the following sub-committees: — 


Physidogicfil and PsychologicaL 
Ur. Maitland {Convener). 
Prof. Muirhead. 

J)r. Myers. 
l>r. Bainbridgc. 

Dr. Ugge. 


Indndrinl. 
Miss Anderson. 
Mr. Cadbury. 

Mr. Florence 
Miss Hutchins. 
Miss Matheson. 
Mr. Kamsbottoin. 


SlalidirttL 

Mr. Layton {(7o/u;cMtT). . 
Miss Hutchins. 

Mr. Ramsbottom. 

Dr. Yulo. 


And we have. appointed Mr. Eamsbottom as hon. organising secretary. 

For purpo.ses of the foregoing inquiries wc tJiink it will be essential 
to obtain the services of expert and paid assistants. 

The Committee ask to be reappointed, with the addition of tlic 
words ‘ social and ’ l)efore ‘ economic,’ in tlieir terms of reference, and 
to be allotted a grant. 
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Gaseous Explosious. — Seventh Report of the Committee, con- 
sisting of Dr. Dugald Clerk (Chairman), Professor Dalby 
(Secretary), and Professors W. A. Bone, F. W. JBurstall, 
H. L. Callendar, Fi. G. Coker, H. B. Dixon, Drs. Pi. T. 
Glazebrook and J. A. Harkf‘:r, Colonel If. (*. li. Holden, 
Professors B. Hopkinson and J. E. Petavel, Captain H. 
Biall Sankey, Professors A. Smithells and W. Watson, 
Mr. D. L. Chapman and Mi\ H. E. Wimperis. 

The decease of tlie CHairinaii, Sir William Preece, was repoite<l to the 
Committee in December last, when a letter of condolence was sent to 
the family. 

Sir William Preece had associated himself intimately with the 
investigations carried out by the Committee, and contributed an interest- 
ing Note on Ibe Kinetic Theory of Gases. As Chairman he did much 
to help forward the important work on which the (,'ommittee is 
engaged both by his valuable suggestions and by his tactfulness and 
resource. His loss is not only deeply deplored, but felt to be a 
personal one by every member of the Committee. 

The Vice-Chairman, Dr. Dugald Clerk, w as unanimously elected 
Cl 1 airman. 

The Committee met three times during the session J1U3-.14 at the 
City and Guilds (Engineering) C'ollege, Exhibition Eoad, London, SAY. 
The following Notes W'ere presented and discussed: — 

Note 32 by Professor Dalby on Suction Temperatures directly 
measured and deductions therefrom, together with a summary of a 
series of seventeen experiments made at the City and Guilds (Engineei*- 
iiig) College on a Crossley gas-engine with a cylinder seven inches in 
diameter, stroke fourteen inches, and with a compression ratio at 4’8. 
Note 33 by Mr. H. E. Wimperis on Thermal Efticiency. 

Note 34 b}' Jhofessor h). G. (’okkr and Mr. W. A. S<oblk on 
Temperature Distribution in the Cylinder of a Gas-engine. 

Note 35 by Professor W. Watson on the Spectroscopic Study of 
the Combustion of Air-petrol jMixtures. 

Tlie object of Note 32 was to show^ how' the suction temperature 
varied with the speed, with the jacket temperature, and wdth the 
mixture. The records given in the Note relate to trials Nos. 72 to 90. 
The data were obtained by a research student of the City and Guilds 
(Engineering) College, Mr. Ijimbourne, working under the supervision 
of Professor Dalby. A table included in the Note show s the variation 
in tlie suction temperatures, and a set of curves, also included, give.s 
the temperatures of the working mixture ; these indicate how^ the direct 
knowledge of the suction temperature can be applied to determine the 
temperatures at other parts of the cycle. 

in Note 33 Mr. Wimperis discusses the thermal efficiency of an 
engine using as the working agent a standard gas referred to in the first 

19U. K 
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report of the Oomuuittee, and using in his calculations the values of 
the internal energy defined by the curve in fig. 6 of that report. 

. la Note 34 Professor Coker describes the method of measuring 
the cyclical temperature in a gas-engine cylinder used by him at the 
Technical College, Finsbury, and gives the results of some recent 
experiments. Curves are included showing the temperature of tli>? 
explosivc^oharge, together with tables of the actual temperatures at 
various points in the cycle. A full description of the thermo-couple 
used in these experiments is given in the Note. 

In connexion with Note 35 Professor Watson showed a scries of 
photographs of the spectrum of the light given, by the burning charge 
in the cylinder of a petrol engine. The results show that the gases 
in the cylinder continue to emit light giving a line spectrum for a 
considerable time after the chemical changes are generally assumed to 
have been completed. 

Before proceeding to consider tlie woi‘k carried uut timing the 
cLin'ent session it has been thought advisable to give a brief summary 
of the pivvIoLis reports of the Committee. 

Summary of Previous Peports. 

Tiic first repoi't is devoted mainly to the subject of tlie .specific 
heats of gases at high temperatures. Tlie constant-pressure experi- 
ments of Wiedemann, Regnaijlt, llolborn, and Henning are analysed 
and discussed, and a curve is given showing the energy of COg, steam, 
and air in terms of the temperature Centigrade. The experiments of 
l)i. Dugald (’lerk are described, and the results ol)tained compared 
with the constant-pressure experiments mentioned above. Tbc closed 
vessel experiments of Mallard, Le Cliatelier, and Langcn are analysed 
and the results plotted and discussed. 

The report ends witli the discussion of thermal equilibrium, cliemical 
ecpiilibriuni, the motion of a gas, and the measurement of temperature. 
A curve is given showing the internal energy of a gas-engine mixture 
in terms of the temperature. 

There is an appendix by Professor Callendar on * The Deviation of 
Actual Gases from the Ideal State,' and on ‘ Experimental Errors in 
the Determination of their Specific Heats. ' 

The second report is mainly devoted to the subject of the specific 
heat of gases at high temperatures. Regnault’s results at Tow tem- 
peratures arc discussed in tlic light of Mr. Swann’s experiments, 
which were communicated to the Committee by Professor Callendar. 
The Committee definit.ely adopted Mr. Swann’s values for air and for 
COg as given below. 


Volumetric heat of air at 100° C. In 10-8 lbs. per cubic foot, 

„ „ COj at 20° C. iH 27-4 lbs. per cubic foot, and 

at 100° C. is 30‘7 lbs. per cubic foot. 

The results of the experiments made by Dr. Dugald Clerk with the 
object of determining the volumetric heat of air at high temperature 
are given in the report, together with a description of Professor 
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Hopkinson's experiments on the pompres»ion/of air in a 
cylinder. \ ' 

Dr. WaUbti’s researches on the efficiency of a petrol motor am 
included in the report. ' Dr. Watson made a simultaneous measure- 
ment of the quantities of air and petrol taken into the ^gine and of 
the chemical composition of the exhaust gas. The point brought out 
was that the ratio of hydrogen to carbon in the exhaust gas was greater 
than the ratio of hydrogen to carbon in the petrol used. Additional 
evidence of this discrepancy is furnished by some experiments of 
Professor Hopkinson, and the experiments of Hopkinson and Watson 
are in agreement. 

The report concludes with'^n account of the experiments on radia- 
tion carried out by Professor Hopkinson. 

There are two appendices: one relating to Regnault's corrections in 
connection with 4jhe determination of the specific heat of air, and the 
other relating to Deville'a experiments on the dissociation of gases by 
Dr. Harker. 

The third report is devoted mainly to the consideration of the 
subject of radiation from gases. A brief general history of the subject 
is given, together with a record of the experiments of Professor 
Hopkinson and of Professor Callendar. The report discusses the direct 
effect of radiation on the efficiency of internal-combustion motors, the 
amount of radiation from flames, and the molecular theory of radiation 
from gases as well as the question of the transparency of flames to 
tlieir own radiation. There is an appendix on the radiation of flames 
by Professor Callendar, giving some account of experiments made with 
a Mfiker burner; a second appendix on the radiation in a gaseous 
(‘xplosion by Professor Hopkinson ; and a third appendix whicli 
contains abstracts from various papers relating to the application of 
heat radiation from luminous flames to Siemens’ Regenerating 
Furnaces. 

The fourth report merely notes the number of meetings held during 
the year, and states that, partly owing to the breakdown of apparatus 
and partly to the demands made upon the time of the various investi- 
gators, only two notes were read; consequently it was decided that 
the work then on hand should he included in the report for the 
following year. 

The fifth report continues the discussion of the effect of radiation, 
and is devoted mainly to the consideration of the factors which deter- 
mine the heat flow from the gas to the walls of the cylinder. The 
remarkable effect of turbulence on the rate of combustion is first 
mentioned in this report. Particulars of Dr. Dugald Clerk’s experi- 
ments are given, and these experiments definitely establish the fact 
that but for turbulence the speed at which modern interual-cornbustion 
engines are run would bo impossible. Professor Tfopkiuson\s experi- 
ments, in w^hich a fan was placed inside a closed vessel and the rates 
of combustion observed with the fan at rest and in motion, are recorded 
in the report, and confirm Dr. Clerk’s results. 

In the sixth report the resignation of Dr. Dugald Clerk and 
Professor Hopkinson from the Joint Secretaryship of the Committee is 
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reported. Dr. Clerk consented, however, to act as Vice-Chairman, 
and Professor Dalby was appointed Secretary. 

The Committee allocated the whole of the grant to the Secretary 
for the purpose of providing him with a permanent research assistant 
to carry on the work. It was stated that Professor Dalby and Dr. 
Clerk were engaged on the design of an experimental plant to be 
placed in the new laboratory of the City and Guilds (Engineering). 
College. 

Six notes, relating ohietly heat tlow, temperature, and leakage, 
are briefly summarised. 

Object of Present Report. 

The following report is devoted partly to the special consideration 
of temperature measurements and subjects arising therefrom, and partly 
to the illustration of the use which can be made of the data obtained hy 
the Committee. 

Methods of Measurithj Temperature of the ('htinje in a Gas-eufiiue 
Cylinder under u'»irl:niij rondiiionH, 

One of the problems requiring si»liition was the diroci rnefisurement 
of the temperature of llie working agent in the cylinder while the 
engine was running under ordinary working conditions. The difficulty 
of making this mensnrem(uit arises from the fact that during the 
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explosion of the charge in the engine cylinder the temperature is 
sometimes higher than that of the melting-point of platinum or of tlie 
couples which can be put in the cylinder to make the measurement. 

In Note 32 is described a method devised by Professors Callendar 
and Dalby, ^ which for the first time enabled direct observation of the 


* Proc. Roy. Soc.^ A., vol. 80, 1007. 


ON GASEOUS EXPLOSIONS. 


181 


suction temperature to be made while the engine was working not 
only under normal conditions but under special conditions, during 
which the richest possible mixture was used and the temperature 
reached at explosion was considerably higher than that occurring in 
practice. The thermometer itself consisted of a piece of platinum 
wire about 0'7 inch long and of an inch in diameter, arranged 
with compensating leads. It is placed in a thennometer-valve, which 
is inserted through the spindle of the admission-valve in the manner 
shown ill fig. 1, in which P is the platinum thermometer, and T is 
tlie head of the thormorneter-valve, which is inserted centrally in the 



Fig. 2. 

admission-valve A. The spring S serves to close the admission- 
valve, and the spring U serves to close the thermometer-valve. Tlie 
main casting, 0, carrying these valves *is bolted to the engine in the 
ordinary way. A separat-e cam is mounted on the half-time shaft to 
operate the central thermometer-valve, and the complete arrangement 
is shown in fig. 2, where E is the cam; { and L are levers keyed to the 
supplementary shaft Q, which is earned on the casting F; the spring 
S maintains contact between the end of the lever I and tlie cam. The 
end of the iheriuoinetcr with the leads projecting is shown at B. 
4’be lever \j is in contact with the mil N on the ihermometer-valvc. 
Tlio cam is so designed that during the explosion period the valve 
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is closed, and the tlienhometer therefore screened from the action 
of the gas. In this ^Yay the thermometer is withdrawn just before 
r the end of compression, so that at this critical period of the cycle 
there is nothing in the shape of a protuberance to cause preignitiou. 
When the platinum thermometer is exposed in the cylinder and 
connected to the AVheatstone bridge and galvanometer on which the 
indications are received, the circuit is made by a contact-maker on the 
crank'sliaft when the crank passes through an assigned crank-angle, and 
is broken by tho contact-maker when the crank passes through a second 
assigned crank-anglo a liitle greater than the first, so that the electrical 



Fxa. 3. 

measui-ing device is in operation during 5®, 10®, or 16® as the case 
may be. 

This contact-maker is a very important part of the electrical equip- 
ment used in connexion with these temperature measurements, as it 
enables a definite make and a definite break to be made in the electrical 
circuit, and, in addition, enables the time between the make and break 
to be adjusted with accuracy. 

The contact-maker (fig. 3) consists ol a brass bush B, keyed to a 
lay shaft of the engine, and carrying two fibre washers or cams and 
Wa, which can be clamped in any relative angular position against the 
flange of the bush by the nut N. A radial step, as Ui, is made in 
each washer, and tlie surface gradually rises from tJie bottom of tho 
step to the normal circular surface of the washer. The reflexed ends 
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of the stiff spring Bi and 8i rest on the fibre cams. A pr(qectaon Z 
carrying a platinnm-pcHnted screw p is riveted to <ae of the springs, 
and the screw p is adjusted so that its point is just clear of the platinum 
rivet in the other spring when both springs are riding <»i the circtdar 
surfaces of their respective cams. Contact is made when the rotation 
of the lay shaft in the direction of the arrow brings the radial step 
Wi of the cam W, under the spring S,, thereby allowing it to fall down 
the step, thus bringing p and r together. Contact is broken when the 
radial step w, of the cam Wi reaches the spring Si, thereby allowing 
the second spring to fall down the step Wi. The epoch and duration 
of contact are readily adjusted by adjusting the angular positions of 
the cams relatively to the bush and also with regard to one another. 
The distances between the springs and the platinum contacts and the 
steps w are exaggerated in the diagram in order to make the principle 
of the apparatus clear. The percussion form of contact with platinum 
points IS found to g.ve definite and certain results Tlie contacts keep 



clean, and no trouble, of any kind is experienced with them. The general 
arrangement of the electrical connections are shown in fig. 4. In this 
figure PS, QS are the equal ratio arms of the Wheatstone bridge. 
The galvanometer G is connected to the point S and to the sliding 
contact on the bridge«wire BW. The thermometer and its leads P 
are connected on one side of the bridge-wire, and the compensator G 
and the balancing resistance E on the other. The battery circuit 
includes a mercury reversing key K, an adjustable resistance r, and 
a storage cell V; and the battery is connected to the bridge at the 
points P and Q, and to the brushes of the periodic contact-maker at E. 
The brushes E are carried by an insulated arm A bolted to a divided 
disc 0 riding loosely on the lay shaft of the engine, and capable of 
being clamped in any position by the screw L. The index T shows 
the crank-angle corresponding to the middle point of the contact when 
the insulated copper strip D carried in the fibre bush E passes under 
the brushes, 
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The temperature is measured, therefore, during a part cular crank- 
angle determined by the setting of the contact-maker. This can 
be set, while the engine is running, to determine the make and 
break at any assigned crank-angle in the revolution. It was usually 
set so that the interval between the make and break was or 10^. 
In this manner the mean temperature over a small crank-angle can 
be measured at any point in the cycle, except only during the period 
of the explosions when the thermometer is withdrawn from the cylinder. 
But although there is this possibility with the method it is desirable 
to measure the temperature at a point on the cycle where the rate 
of change of temperature is at a minimum. This point occurs just 
after the closing of the suction-valve. Tiie great advantage of making 
the measurement at this point is that the thermometer is exposed to 
the incoming charge during the whole of the suction-stroke and 
therefore the thermometer-valve tends to assume the temperature of 
the charge; consequently the temperature which the small wire is set 
to measure does not differ greatly from the temperature of the metal 
in which it is mounted. This condition tends to minimise tlie errors 
of measurement. At any other point in the cycle the rate of change 
of temperature is gi’eater; and the eiTor of the measurements, there- 
fore. is likely to be greater owing to the lag of the thermometer. 
On the expansion-stJnoke, for example, the temperature may vary as 
/mich as 150^ daring the movement of the piston through of the 
stroke. Jmt after the (dosing of the suction-valve the variation of 
tem^^erature during the movement of the piston through ^ of the 
stroke is only about 2(P. 

Having found the temperature at one |K>int in tlie cycle, the tem- 
perature at any other point can be calculated by using the charge itself 
as the thermometrio agent. The characteristic equation of the charge is 

PV 

constant. Tf, therefore, from the indicator diagrani taken at 

the time the temperature was measured, the corresponding pressure 
and volume are measured, then the temperature at any other ix)int of 
the cycle can be calculated by the aid of this constant and the pressure 
and volume scaled from the indicator diagram, allowance being made 
for chemical contraction of the charge after explosion. It is iKScessary 
to have accurate indicatta* diagrams from wliich to measure the 
pressure and volume for this juirpose, and this has led lo the develop- 
ment of an optical indicator. 


Example of the. Application of the Method to an Engine Trial 
(72) at the City and Guilds {Engineering) College. 

The general procedure in making temperature measurements by 
this inc^thod, and with an improved optical Indicator devised by Pro- 
fessor Dolby and Dr. Watson, may be illustrat^^d by data obtained 
during a trial made at the City and Guilds (Engineering) College by 
Professor Dalby last year, a full report of which will be found in 
Note 32 communicated to the Committee. 
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Indicator Diagrams. 

In each trial two indicator diagrams were taken — ^namely, a com- 
plete diagram showing the pressure and volume during the whole 
cycle, and a diagram taken with a thin disc stopped down so as to 
give on a large scale the portion of the diagram during the pumping- 
stroke. The diagrams are. in general calibrated in situ. 
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In canying out a series of experiments, however, it was found that 
the scale was so constant that it was unnecessary to calibrate each 
diagram separately. The scale was therefore made for the two discs 
used, and was checked from time to time. A pair of typical diagrams 
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wire, BW, can be adjusted to 1 millivolt. This is tested by the 
electromotive force of a cadmium cell, 0, which can be opposed to the 
battery electromotive force by meausi^of the upper key, K|, an allowance 
for the known temperature variation of the electromotive force of the 
standard cell used being made by an adjustable contact-maker, D. 
The thermo-electric couple, H, has one lead connected to the lower 
key, Ki, and the other set to a set of resistances, S, in the main circuit, 
each of which gives a difference of potential of I millivolt when the 



Fra. 11. — Thermo-Electric Bridge. 

adjustments are correct. During an olraervation, therefore, the battery 
electromotive force opposes that of the couple and the readings of 
the bridge-wire and step resistance taken together measure the electro- 
motive force of the couple when the galvanometer, Q, shows a 
balance. The scale of the bridge-wire is graduated to read to 10 micro- 
volts, and single microvolts may be read by estimation. The majority 
of the observations were taken when using a D’Arsonval galvanometer, 
giving, on a scale distant 110 centimetres, a deflection of 560 milli- 
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metres for 1 microvolt. The contact-maker used with this apparatus 
is one devised by Professors Oallendar and Dalby, which lias already 
been described and illustrated in fig. 3. 

S uctiou Te in pent tu ro , 

Direct measurements of the suction temperature were made at the 
City and Guilds (Engineering) College during* the session MU 2-13 on 
a Crossley gas-engine with a cylinder 7 inches in diameter, stroke 
14 inches, and with a compression I'atio of 4*8. The object of the 
experiment was to show how the suction temperature varied with the 
► sp^, with the jacket temperature, and with the mixture. 

The apparatus with which the measurement \vas made has been 
already described (see pages 180, 181, 182, and 183). The results of the 
experiments are shown by the curves fig. 12. It is proposed to rejieat 
ihese experiments on engines of more modern typo and with higher 
compression ratios as soon as the development of the new laboratories 
at the College render it possible to do so. 

The Cyclical Variation o} the Temperature of the Charge in a 
Gas-engine Cylinder. 

An example lias almidy been ^;i\en of the method of determining 
the cyclical variation of the temperature of the charge in a par- 
ticular experiment, deducing it from the temperature measured at a 
point on the compression curve in combination with accurate indicator 
diagrams. The experiment was made at the City and Guilds (Engineer- 
ing) College on the gas-engine already referred to. The engine 
is not of recent construction and therefore the eornpression ratio, viz. 
4'8, is low compared with (he ratios of gas-engines of more modern 
construction. Dr. (/oker and Mr. Scoble have measured the cyclical 
variation of temperature on a more modern engine constructed liy 
the National Gas-Engine (’ompaiiy in 1907. This engine has a 
cylinder 7 inches in diameter and a stroke of lo inches. The maxi- 
mum volume occu]>ied by tJie charge is times the minimum volume. 
The method adopted was to measure directly by means of a platinum 
couple the temperature at various points along the compression -curve 
and along pait of the expansion-curve, but the highest temperature 
had still to be measured bv using the charge itself as a gas-thermometer. 

pv " . 

A value of - is selected from a point on the expansion-stroke, and 

the constant so found is used to calculate the higher temperatures. In 
this method it is unnecessary to make any calculation regarding the 
chemical contraction before and after explosion because the temperature 
is measured after the explosion, but the rate of change of temperature at 
the point where the temperature is measured is very great, and there- 
fore, in comparing the two methods, it is necessary to choose h^l^ween 
a temperature measured when the rate of change is great with a 
corresponding lag and no correction for chemical contraction, as against 
a method of measuring the temperature when the rate of change is a 
minimum, viz. just after the closing of the suction-valve, and allowinf 
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for chemical contraction. With suitable precautions both methods can 
be made to give consistent results. 

The curve in fig. 13 shows the temperature cycle in a gas-engine 
cylinder determined by Dr. Coker and Mr. Scoble when the ratio of 
air to gas was 7'35 to 1. The jacket-temperature was 85'6<) 0., and 
the highest temperature calculated was 1836® 0. ; ; v 

TsUrSBATVBK CVCLB OF Gas Cuakob.— COHOmONS. 


1 Cur\’'e Number 

1 

I.H.P. 

Ratio of Air to 
Gas 

Jacket Outlet 
Temp. 

1. 

10*24 

7-35/1 

' 36*0 

2. 

9*96 

7*08/1 

37-2 

3. 

10*11 

7*13/1 

81*4 

4. 

1 10*36 

6*71/1 

40*6 

5. 

1 10*36 

5*66/1 

52*8 

6. 

9*74 

6*64/1 

43*7 

1 


Application of the Work of the Committee to Practical Prohlems. 

The application of the work of the Committee to practical problems 
can be illustrated in connection with the calculation, of the heat ex- 
changed between the working agent and the walls of a gas-engine 
cylinder. 


Pirst Imw of Thermodynamics and the quantities necessary to apply 
it to determine heat lost or gained by. the working charge during a 

change of state. 

Let A (fig. 14) be a point on the pressure volume diagram repre- 
senting the state of a working agent with regard to its pressure and 
volume. Let the state change along the path A, B, so that B repre- 
sents the state after the change. Then 


The heat received by the \ 
working agent from itsj 
external environment :~ 
during the change of 
state from A to B= Q j 



/ The workv 
done by 

4--: tho agent I (1) 
j on its on- 
\ vironmont j 


That is, reckoning in thermal units, 

Q M (Eb — Ea) + j • • • • • (2) 


In which Q is measured in pound calorics. 

M is the D^ss of the charge in pounds. 

£u is tho internal energy of the ch'irgo in its final state. 

£a is the internal energy of the charge in its initial state. 

« Z is the work done by the i^ent on its environment measured in foot* 

pounds. 

1,400. 

Earlier it was assumed that the specific heat of the gas used in the; 
gas-engine cylinder was constant, and that the change of internal energy 
was determined by the change of temperature only. With this as- 
sumption the first term on the right-hand side of ttie equation was 
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reckoned by merely multiplying the specific heat into the change of 
temperature corresponding to the change of state from A to B, the 
mass of the charge M being calculated from the general relation, 

PV * 

; ... . . . (3) 

corresponding values of P, V, and T being taken from any point 
on the path where they could be determined. It is known, however, 



that the specific heat is variable, and the Committee began their work 
by reviewing all the available experimental data in connexion with the 
subject. Several members of the Committee were themselves carry- 
ing out researches in^ relation to this problem at the same time. 

Data found to enable this Determinaiian to be made. 

The aim of the Committee was to ascertain the true value of the 
specific heat at constant volume, Ky, or, to put it in another way, to 
ascertain the relation between the internal energy of the gas and its 
temperature. In deiiling with gas-engine problems it is more 
convenient to combine equations (1) and (2) into a single expression in 
which the specific heat is given not in terms of the unit of mass, but 
in terms of the unit of volume at standard pressure and temperature. 
Substituting in equation (3) for the standard pressure, 1 atmosphere, 
for the standard temperature, 273° C. absolute, and for the gas con- 
stant, C5=96, it will be found that the weight of a cubic foot of the 
working agent at standard temperature and pressure is •081 lb., and 
therefore in terras of foot-pounds, and still assuming that the specific 
heat at consUnt volume is constant, equation (2) becomes, 

*081 JKv (change of temperature) + Z. 

.0 2 
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The quantity 0*081 JK^ represents the change of internal energy 
in foot-pounds per degi'ee change of temperature per cubic foot as 
measured at standard temperature and pressure. When is variable 
and is a known function of T, say ^ (T), the term becomes 


0081 J 



(T) dT. 


Values of this expression in which the lower limit Ti is 0 degrees 
Centigrade can be read oft the curve given in fig. 15, which is taken 
from the first Report. 



To use this curve to find the internal energy corresponding to a 
given state-point it is necessary to measure the pressure P and 
volume V from a PV diagram, and also to determine the absolute 
temperature T. The corresponding volume at standard temperature 
and pressure is then calculated from the equation, 

V - VP To 

o - - p- 

This calculated value of Vo when multiplied by the internal energy 
as given by the curve for the temperature T gives the internal 
energy of the gas corresponding to the given state-point. 

Symbolically let 

Ea == internal energy corresponding to the* position of a state-point A. 

Va« = the corresponding volume measured at A reduced to standard tomperature 
and pressure, and 

Y/ = the ordinate of the curve measured at the temperature corresponding to 
the temperature of the state-point, then 

E. = Va,Y, ^ 
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The position of the points A and B on the PV diagram gives no 
indication of the temperature at A or B. If the temperature at one 
of the points, however, is known, then the temperature at the second 
point can be calculated from the relation 


Pa Va _ Pb 

TT ~ % 


This relation expresses the characteristic equation for gases, and is 
quite independent of the specific heat of the gases concerned. It 
applies to all positions of the state-point in the PV diagram provided 
that the following two conditions afe satisfied: — 

Condition 1. That there is no change in density of the gas such as may be 
produced by some change in its chemical constitution. 

„ 2. That the weight of the working agent during the change of state 

from A to B is constant. 


It is fundamentally important, therefore, to be able to measure 
by direct observation the temperature corresponding to at least one 
position of the state-point in the diagram, because by means of this 
temperature and the relation expressed in equation (4) the temperature 
corresponding to any other position of the state-point in the diagram 
can be calculated, providing always that the conditions 1 and 2 are not 
violated during the change of state. If the first condition is violated 
there is a small change of volume caused by chemical action as the 
state-point moves from A to B, and in order to calculate the magnitude 
of this change it is necessary to have a chemical analysis of the 
gas before and after chemical action. When these analyses are known 
a correction can be made and equation (4) can still be applied to calcu- 
late the temperature. This kind of action has to be reckoned with, 
for example, if tlie state-point A is on the compression-curve of a gas- 
engine and the state-point B is on the expansion-curve. 

The earlier part of this report shows that the Committee have given 
a good deal of consideration to the subject of the direct measurement 
of temperature, and that individual members have worked at the 
problem successfully. Examples have been given earlier in the report 
of methods which have been applied and are being used in the 
researches which are now being earned out. This example shows how 
the equation (4) is used to calculate the temperature for diflerent 
positions of the state-point B from observations of a single tempera- 
ture. The single temperature which it is most useful to know is the 
suction-temperature, and this may be defined as the temperature of the 
charge in the cylinder just after the admission valve is closed. There 
is then a definite weight of charge in the cylinder at a definite 
pressure and volume, and at a definite temperature. Allowing for 
the chemical contraction, equation (4) can be applied along the expan- 
sion-curve. , 

The Committee have examined into the question of leak of charge, 
and have come to the conclusion that in most cases in a modern 
engine it is a negligible amount when proper precautions are taken. 



198 UliPOBTS ON THE STATE OF SOIENOE.— 1914. 

These considerations show how important the suction temperature is 
in combination with the indicator diagram, as from this temperature 
and the pressure and volume given by the diagram the state of the 
working agent all through the cycle can be determined, at least 
approximately. 

The values of the suction temperature for a particular engine are 
exhibited in fig. 12 above, and a diagram of the kind would be useful 
in connexion with any internal-combustion motor. 

To resume, it can now be assumed that it is possible to fix a 
temperature for one particular position of the state-point A, and then 
the temperature at the end of ^e change of state B, if not observed, 
can be calculated. With a knowledge of tlioso temperatures the 
internal energy of the working agent can be read off from the curve 
(fig. 15), and then the first term on the right side of the equation, viz. 

Eb — * Ea ^ change of internal energy . 

is determined. 

The value of the second term on the right side of equation (1) is 
merely the value of the shaded area under the path AB expressed in 
foot-pounds. Consequently, from a pressure-volume diagram giving the 
initial and final conditions of the working agent and tlie path of the 
state-point in between, together with the temperature corresponding to 
one position of the state-point, the right side of the equation can bo 
determined and the heat gained or lost by the working agent during 
the change can therefore be computed. If there is no gain or loss 
of heat the work done is done at the expense of the internal energy 
of the working agent itself. One of the main objects of the Committee 
has been to extend our knowledge of the physical constants of the 
gases by the careful examination of methods, apparatus, and results of 
various investigators, including members of the Committee, and change 
of state of the working charge in a gas-engine can now be followed 
with a degree of accuracy which hitherto has been impossible. 

A diagram from an actual gas-engine shows the PV changes during 
the whole of the four-stroke cycle, but the method explained above 
can only be applied to determine the heat exchanges during that part 
of the cycle when the weight of charge enclosed in the cylinder is 
constant — i.e, during the period between the closing of the suction- 
valve and the opening of the exhaust- valve. There is no difficulty 
in applying the method practically to a change of state along the com- 
pression-curve because tHe conditions 1 and 2 above are fulfilled. 
There is no chemical change and the w'eight of charge is constant. 
Applying the method to the analysis of the expansion-curve, however, 
there is difficulty. The left side of equation (1), Q, gives the heat 
gained or lost by the gas during a change of state. Q includes the heat 
gained by combustion as well as the heat gained or lost from outside, so 
.that it must be written 

Q = 0 + 0 

where 0 represents tire heat gained or lost to the outside, and 0 repre*" 
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sents tho heat produced by combustion during the change. The diffi- 
culty is to separate these two during a change of state along the 
expansion-line. It is probable that combustion is not quite com- 
plete at the point of maximum pressure ; in fact some combustion may 
be going on right up to the point at which the exhaust-valve opens. 
If, therefore, two points are taken on the expansion-curve and this 
method of analysis is applied, neglecting 0, the heat loss determined 
will obviously be too great. 

An analysis b! the diagram by this method will be found in Dr. 
Clerk's Gustave Canet lecture, and need not, therefore, be further 
pursued. 

Aitontipn may be specially drawn to the curves in fig. 12,. which 
show the results of trials made for the purpose of ascertaining the 
relationship ‘betw'een the suction temperature and the strength of the 
mixture lised and on the speed. When the mixture is 9 parts of air>and 
1 part of fas by volume the ‘ suction-temperature is about IGP 0. at 
a speed of 100 revs, per minute. At 200 revs, per minute the suction 
temperatur^ is increased to 0. At the constant speed of 200 revs, 
per minute the temperature gradually increases as the mixture becomes 
richer; with a 10 go 1 mixture the temperature is 75^0., and this 
increases to & with a 6 to 1 mixture. At the lower speed the 
change in temperaft^ is almost as great for a corresponding change 
in the mixture, nam^ from 67^^ 0. to 82® 0. With a modern engine 
using a higher complpssion it is probable that the temperatures would 
bo generally higher. JFig. 13 shows the cyclical variation of tempera- 
ture as determined hw Dr. Coker on a more modern engine, and the 
suction temperature^/ given by him are of the order of 200® C. Dr. 
Coker explains this lligh suction temperature as being partly due to the 
retention of hot gas^nd partly due to tho long exhaust-pipe which was 
used. 

Dalby and Callendar’s experiments have shown that when using 
rich mixtures tho maximum temperature in the cylinder is probably 
about 2000® 0., and these results have been confirmed by Coker and 
Scoble. For the mixtures used in ordinary working conditions the 
experiments of Dalby, Callendar, Coker, and Scoble show that the 
ioinpcrature is about 1800® 0. It is hoped to continue the experiments 
on temperature measurement when engines of more modem construc- 
tion have been installed in the new engine laboratory of the City and 
Guilds (Engineering) College. 

The concentration of research on the accurate measurement of 
temperature is a necessary step towards a more certain knowdedge of 
the specific heat of gases at high temperatures ; and the vital import- 
ance of this subject is indicated by the brief explanation given above of 
the method by which the determination of heat exchange between the 
working charge and ilie walls of the cylinder can be made. So far the 
Committee havq only been able to present the curves given in fig. 15 
as representing the most reliable data available. The practical use, to 
which the curve can be put is illustrated by using the data given 
by it to find the efficiency of an engine working on the Otto 
cycle without loss of heat assuming that the mixture used is that 
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specified near the cnn’e in fig. 15, this mixture being very much 
nearer the actual mixture used in a gas-engine than air. 


1 . 
k • 
i . 

i . 

The Committee are of opinion that they can usefully continue their 
work by organising research on the lines which have been foreshadowed 
in this report. The Committee recommend, therefore, that they bo 
again rc-appointed, and that, in view of the expensive nature of the 
research and the organisation involved, the sum of lOOZ. be granted 
to them. 


Thermal Efficiencff. 
Efficiency calculated from 
the curve and for the 
miiiture given in fig. 13 
•187 
•273 
•337 
•384 


Efficiency of the 
. air staiidanl 

•242 

•356 

•426 

•476 


Stress Distributions in Engineering Materials. — Report cf the 
Committee, consisting of Professor J. Pkury (Chairman), 
Professors E. G. Coker ajid J. R. PETAVEti (Secretaries), 
Professor A. Barr, Dr. C. Chree, ]\[r. GieIbert Cook, Pro- 
fessor W. E, Sir J. A. PiWiNO, Professor L. N. G. 

PiLON, Messrs. A. E. Pulton and J. J. Guest, Profe.ssors 
J, B. Henderson and A. E. H. Love, Mr. W. Mason, Sir 
Andrew Noble, Messrs. P. Rogers and W. A. Scoble, Dr. 
T. E. Stanton, and Mr. J. S. Wilson, to report on Certain 
of the More Complex Stress Distributions in Engineering 
Materials. 

The reports presented at the Birmingham Meeting of the Association 
led the Committee to the view that the co-ordination of the results of 
various researches was rendered difficult by the diversity of the materials 
used in the tests. It was therefore thought desirable to obtain complete 
and systematic data with regard to three definite materials, namely, 
a mild steel, a *3 per cent, carbon steel, and a steel alloy. 

• In accordance with a resolution passed at the meeting of December 19, 
1913, a stock of three tons standard steel has been obtained for the Com- 
mittee by Dr. F. Rogers. This consists of : — (1) Dead mild steel (carbon 
•12 per cent.) ; (2) Axle steel (carbon *3 per cent.) ; (3) Nickel steel 
Some of' the steel has already been sent to various members of the 
Committee, and in due course full information will be available with 
re^rd to the behaviour of the three materials under a large number of 
different tests. 

The mild steel was kindly presented to the Committee by Messrs. 
Steel, Peech, and Tozer, and the axle steel by Messrs. Taylor Bros. 

Information with regard to the manufacture of the standard steels 
is given in an Appendix. 

A report on the * Experimental Determination of the Distribution 
of Stress and Strain in Solids ’ has been presented by Professors Coker 
and Filon. 

A paper on the ^ Internal Stresses in a Built-up Steel Compression 
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Member,’ by Mr, H. DoI6pine, lias been communicated by Professor 
Petavel, and will be read at the meeting. 

A number of members of the Committee have, during the past year, 
been engaged on subjects dealt with in last year’s report, but in most 
cases the experimental work is not yet completed. 

The subjects under investigation are the following ' 

Professor Coker and Mr. Scoble : Shear Tests. 

Mr. Cook : Tests of the Physical Constants of the Standard Steels. 

Messrs. Cook and Robertson : Further Work on the Strength of Thick 
Cylinders. 

Mr. Fulton : Alternating Stress at Low Frequencies. 

Mr. Guest and Professors Dixon and Lea : Combined Stresses. 

Mr. Mason : Repeated Combined Stresses. 

Dr. Rogers : Alternating Stress, Heat Treatment, and Microscopical 
Examination. 

Mr. Scoble : Repeated Combined Stresses. 

Dr. Stanton : Repeated Shear Tests. 

Mr. Mason has installed, in the Engineering Laboratory at the Uni- 
versity of Liverpool, a machine specially designed for experimental work 
on alternating bending, alternating torsion, and simultaneous alternating 
bending and torsion. He has also constructed an apparatus for measure- 
ment of hysteresis. 

Dr. Stanton has made arrangements to test the standard steels, firstly 
by reversals of simple shearing stress, then by superimposing bending 
and direct stresses. 

Mr. Guest and Professors Dixon and Lea have completed the erection 
of their apparatus, and are engaged in preliminary experimental work. 

Tlie Committee ask to be re-appointed with a grant of lOOJ. 

Appendix. 

Outline of Manufacture of the Standard Steels. 

Bij Dr. F. Rogers. 

No. 1 Steel. (12 per cent. Carbon.) 

The materials used in the manufacture of this steel are hematite pig 
iron, steel scrap and ore of the purest descriptions, melted very carefully 
in the acid open hearth furnace. ^ 

The composition is adjusted by the addition of ferro-manganese, 
after which the metal is cast into ingot-moulds. The ingots arc then 
rolled, with several heatings, into bars, which are reeled when black-hot, 
giving a straightening and burnishing effect without injuring the steel. 

This metal is suitalde for high-class mild steel. 

The bars supplied to the Committee are the whole usable portion of 
two ingots, and weigh nearly 22J cwts. ' 

No. 2 steel {*3 per cent, carbon). 

Report not yet received. 

No. 3 steel (3^ per cent, nickel). 

Report not yet received. 

Experimental Determination of the Distribution of Stress and Strain 
in Solids. By Professors Filon and Coker. 

Very little has beeniione hitherto in the way of determining directly the 
distribution of stresses and strains in the interior of an elastic solid. The 
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invcfitigatioiis whicli have been made deal almost exclusively mth, the 
more restricted case of two-dimensional stress and strain, or of stress and 
strain in a tliin plate parallel to the faces of the plate itself, a problem 
'known to elasticians as that of ‘ generalised plane stress.’ ^ 

In these cases two methods have proved available The first method 
consists in m€ii^8u^ing directly the deforma^ons of the body studied, 
by observing the actual distortion of a face of the soh’d parallel to the 
plane of strain. In practice this may be done by ruling this face into 
squares and observing, with a kathetometer or micrometer, the relative 
sliifts of various parts of the network. From these, the extent by which 
the angle at a node of the network has been changed from a right angle 
can easily be found, and this quantity, as is well known, measures the 
shearing strain (or ‘ slide,’ according tO a terminology followed by many 
writers on elasticity, who reserve the word ‘ shear * to denote the shearing- 
stress), . , 

In this way values of the sLearing-strain are obtained at the various 
nodes of the network. Again, the changes of distance between adjacent 


c D 
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nodes can bo fotind, and from tbeso, if the squares of tho network are 
sufficiently small, the extensions at the various nodes, parallel to the 
'Hines of the net, can be obtained. 

' The plane-strain can, therefore, bo mapped out over tho whole face of 
the solid which is under observation. If this method is to give satis- 
factory results it must be applied to materials whore the strains are 
comparatively large. It has been applied with considerable success by 
Professor Earl Pearson (1) and various workers associated with him to 
models of dams constraoted of gelatine-glycerine jelly, and in this way 
various results of interest in the theory of masonry dams have been 
obtained, although it cannot be said that the conmiete system of stresses 
in such dams is yet known with any certainty. In other cases measate- 
ments of the distoriaons produced iu circles, described on the face of a 
> model have been used , to aetdmino the principal straim and that direc- 
tions, as in the experiments of Messrs. Wilson and Gore (2). 

1)t. E. N. da C. Andrade (3) has also employed a block of jelly .M 
investigate the distribution of slioo in snoh a two of its oppoalti; 
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faces AJB, CD (Fig. 1) constrained to remain plane and parallel and un- 
disturbed are ^ven a translatory displacement relative to each other, 
parallel to their plane. 

Dr. Andrade found that along the middle plane EF of the block (half- 
way, that is, between the two faces whose displacement was prescribed) 
the distribution of slide gave two maxima at points H, K distant about 
one-sixth of the length from the unstressed faces perpendicular to the 
plane of strain, the slide falling gradually to a minimum at 0. 

For a section E' F^ near the middle plane an effect of the same type 
occurred, but was less marked. For a section E" F" near the face CD 
where the constraint was applied the slide remained fairly uniform over 
the greater part of tiie len^h of the section, going down rapidly at the 
ends to the value zero at CD. 

The problem attacked experimentally by Dr. Andrade is one of which 
no exact theoretical solution is known. Dr. Andrade himself attempted 
to fit his conditions by an approximate solution, but either through the 
failure of the approximation, or from some other cause, the results of 
observation and calculation agreed only qualitatively. 

The second method used for the investigation of the distribution of 
stresses inside a plate subjected to stress in its own plane depends on the 
property, discovered by Sir David Brewster in 1816, and independently 
by Fresnel, that glass and other isotropic transparent substances become 
doubly refracting under stress. 

Since then this effect has been studied by a number of observers (4). 
It may be taken as fairly well established that when a my of polarised 
light traverses a plate stressed in its own plane, it is broken up into two 
components, polarised along the two lines of principal stress at the point 
where the ray crosses the plate, and the relative retardation of these two 
rays on emergence in air is 

Ct(P^Q), 

where r = thickness of the plate, V and Q are the two principal mean 
stresses in the plane of the plate, and C is a co-efficient depending upon 
the material and the wave-length of the light (6). 

Clerk Maxwell (6) was the first to go fairly fully into the theory of the 
appearances presented when a plate under var 3 dng stress in its own plane 
is placed between crossed Nicols. He showed that the light is restorecL, 
at all points except those for which : 

(а) The lines of principal stress are parallel to the axes of the Nicols. 

Since the condition for extinction of the light is here independent of 

the wave-length, these lines will be quite black. These may be called the 
lines of equal inclination or isoclinic lines. 

(б) The principal stress-difference has such a value that Ct(P— Q) is an 
exact multiple of the wave-length. 

These will be lines of equal principal stress-difference, and will give 
a .different set of, lines for different wave-lengths. They are thus, in 
] general, brilliantly coloured, the same stress-difference corresponding 
to the same tint. The only exception is the line corresponding to P — Q =0. 

These may be called (following Maxwell) the isochrotmtic lines, the 
: black fine corresponding to P— QsO being caUed the neutral fine. 

Observations of the isoclinic lines have the advantage that those lines 
'^are exhibited under comparatively small stress and are independent of 
the co-efficient 0. Their use does not, therefore, require straining the 
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material to uu extent likely to produce permanent set, and they can bo 
shown by comparatively thin specimens. Also they do not require any 
previous investigation of the co-efficient C for the given material, or of its 
dependence upon the wave-length. 

In theory observation of the isoclinic linos is sufficient to dctermiiio 
the stress system, provided we have information as to the actual stresses 
at a very hinited number of points (7). Such information is generally 
available from the known boundary conditions. 

On the other hand, the calculations required to actually deduce the 
stresses from the isocUnic lines are complicated, and are very difficult 
to apply to cases where the data are expressed by purely empirical curves. 

The isocliuic lines arc, therefore, better suited to experimental verifica- 
tion of stress distribution already laiown from theory, and for which the 
theoretical isoclinic lines can }>e calculated beforehand and compared 
with observation. They have been so used by M. Corbino and Trabacchi 
(8) using rings of gelatine to verify Volterra’s (9) theory of internal strains 
in a multiply connected elastic solid ; and also by Filon (10), wdio used 
glass beams to verify the ordinar}* theory of stresses in a beam at a distance 
from points of isolated loading, and also his own theory of the distribution 
of stress in a beam near a point of isolated loading. Both Corbino and 
Trabacchi, and Filon found that their experimental results confirmed the 
predictions of the theory of elasticity (11). Cams Wilson (12), who used 
in his investigation both the isoclinic and the isochromatic lines, w^as the 
first to apply the optical method to discover the laws of stress distribution 
in a glass beam, doubly supported and centrally loaded. 

He gives a drawng of the lines of principal stress in such a beam, but 
docs not use them further, and restricts his comparison of theory with 
experiment, to the stresses in the cross-section immediately under the load ; 
the theory with which he compares his results was originally given by 
Boussinesq (13), and treate the height of the beam as infinitely thick. Sir 
6. G. Stokes gave, in a note to Cams Wilson’s paper, an empirical correc- 
tion to Boussinesq’s theory. An exact theory of this problem has since 
been given by Filon ( 14) . 

The use of the isochromatic lines and generally of experiments de- 
pending upon tint has this advantage, that it yields directly the value 
of the stress-difference P— Q. If this be combined with a determination 
of the direction of principal stress at each point, then considerable direct 
information is given at once, and some cases of practical importance have 
been examined by Honigsberg and Dimmer (15). 

The determination both of P—Q and of the directions of principal 
stress may be combined in one measurement, which is very simply made 
by means of an apparatus due to Coker (16). Coker uses a tliin celluloid 
plate, cut to represent an engineering structure in wliich it is desired to 
investigate the stresses. This is a more easily worked material than glass, 
and a lesser thickness is required, as its stress-optiijal co-efficient is con- 
siderable. To obtain a measure of the stress-difierence at any point a 
tension member is placed in front of the strained model, in a direction 
corresponding to one of the principal axes of stress, and the colour effect 
produced in the loaded model is neutralised by applying a sufficient load 
to this calibrating member. The tensional stress T affords a measure of 
the difference of die principal stresses (P-— Q) subject to a small correction 
when (P— Q) and T have different signs. 

An improved way of^ doing this, which saves these repeated adjust- 
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ments of T, is to use a test-piece under pure fliSxure (without shear) in its 
own plane. This can be readily produced in a straining frame as in the 
accompaimng diagram. The stress will then vary linearly from P to Q 
and may be read off alon^ a scale PQ, which can be previously calibrated 
against a specimen under Known tension. 

A little sideways shift of the test-plate is then all that is required to 
compensate the stress-difference at any given point, provided that the 
direction of principal stress had been found previously. 

Coker has used a calibration tension member to determine the distribu- 
tion of stress in plates of various shapes — for example, in tension specimens 
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E ierced with circular holes, decks of ships with various openings, cement 
riquettes, &c. (17). He has also (18) investigated Andrade’s problem 
of the block whoso opposite faces slide with regard to one another re- 
maining undistorted, and he obtains by this optical method a distribution 
of shear very similar to that obtained by Andrade from direct measure- 
ments of the slide. Mr. Scoblo and he have also applied this method to 
determine the distribution of stress due to a rivet in a plate (19). 

The photo-elastic determination of stress carried out in this way docs 
not, however, determine the stress in the plate completely. It will be 
noticed that all the method gives is the principal stress-difference at any 
point. If each principal stress at a given point be increased by any 
arbitrary quantity, the appearances are in no wise altered. To obviate 
this, Coker has used the stretch-squeeze effect in the plate to measure 
the sum P— Q of the principal stresses, a suggestion due originally to 
Mesnager (20). For clearly, if r be the thickness of the plate, Poisson’s 
ratio, the plate, at the point where the principal stresses aw' P, Q, will 
become tlunner by an amount lyrfP+Q) an amount which is small, 
but with delicate instruments not impossible to measure. 

* It will be noticed that this provides yet a third method for exploring 
the field of stress in a plate. 

There is, however, no necessity for doing this, as the information 
derived from the known values of the stress-^fference and the direction 
of the lines of principal stress can bo readily applied to find the complete 
system of stresses. 

Let the axes of^a? and y be taken in the plane of the plate. Let P and 
Q now denote the Wmal stresses across elements dy and dx respectively, 
S the shearing stress across either of the above elements. Then, if the 
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lines of principal stress make an angle a with the axes, and if B is the 
principal stress-difference, it is well known, that 

P — Q=R cos 2d 
2S=R sin 2o. 


Thus a determination of R and a at every point leads to the value 
of S at all points. 

On the other hand, considering the equilibrium of a small rectangle 
Ax, Ay and. neglecting body-forces, we have the well-known body stress 
equations for generalised plane strain. 


f 




«s+iQ»o 


Now, at a point of the boundary, all the stresses will be known. 

For the normal stress across an clement of the boundary where the 
outwards normal makes an angle with the axis of « is 

P cos* fl-fQ sin* d-i-2S cos 0 sin 0 

= cos 20+S sin 20. 

2 2 


S and F— Q being known from optical data* and the normal stress across 
the boundary being also known from the boundanr conditions, the above 
equation determines P+Q hence (P—Q being Known) .P and Q. 

Consider now a point A of the plate. Draw a line through A parallel 
to the axis of x to meet the nearest boundary at a point Ao (ajo, y). 

Then, integrating the equation 

?+?=» 

ox by 

along the line Ao A, we find 

where Po is the value of P at A„. 

Similarly, if a line through A parallel to the axis of y meets the nearest 
boundary at a point Bo {x, y„) when the value of Q is Qo, 

«-«•— fa--'*' 

* Now, if we know .the value of S at all points, the values of the partial 

differential co-efficients can be obtained approximatHy by 

taking differences. P and Q can then be found as above by the ordinary 
process of graphical integration, Po, Q» being known, as explained. This 
method can be used with any set of experimental data, prclvided only that 
these are accurate enough to allow of 4ifioronces being taken to calculate 

In any case, before actually applying the metibod, the curves foil 

S when either x '=> constant ot y eonstnut shpnld bo ‘ smoothed ’ so 
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as to take out accidental inequalities. A check on the accuracy of the 
calculation is easily provided, for the calculated P— Q should agree with 
the value optically observed. 

In many pioblems it is Imown that one of the normal stresses is through- 
out very small. In this case, if Q, say, is nemrly zerd, we have Ps=B cos 2a, 
and the stress difference leads easily to the complete system of stresses. 
This assumption has been made by/ Coker in his earlier papers, but it 
would seem desirable to justify ihmpra fully. . 
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pp. 86 and 446), P, Q, S the mean stresses §y, xy in the usual notation, 
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principal stress make with the axes. 

. Then it is known .that 

V :■V^;;-^;.R»==(P-Q)••'-h4S* 

tan 2«c=2S/P-Q 

2S=P8in2^ P— Q— Rcos2^. 


i Also the 


stresses are given in terms of the stress function by 
SiE- « «»E « S*E . 
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Using the transformations 


we find readily 


ii—x+Ly 


»+■"=-%© 


/. Q-PH-2.S=^® (1) 




s-«p = 


8 /8E\ 
8y \8ij J 


Q-P-2 .S-^ (2) 




Prom ( 1 ) and ( 2 ) 

-Rc-Mz 


8 -E 

" 8 ^s 


-R€*‘* = 


^ 8 «E 


“ 8 v^ ' ^ 

Now, the isoclinic linos give ^ as a function of x, y and therefore of y 
for every point. 

On the other hand, it is well known that E satisfies the equation 


V .E=0 
'■.y 


or 


8 'E 

8 f^ . 8 »i* 


0 . 


of which the solution is 

E=Ei(^)-}-E*(i?)-hi/lSa($)+iB4(v) (6) 

£], Eg, E 3 , and E 4 being arbitrary functions. 

(4) then gives 

Puttiag 9 = 0 , fssOsudOesaively in the identity ( 6 ) 

. [k,"(0)+uE3"(0)] (8) 
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Differentiating (6) with regard to and then putting ^=0 and 
ij=0 respectively, we find 

E4"(v)= { I . 

{ «, } ri^O 

ue,y 

E,"(v)=4t(^)^^^E/'(,)+«<‘««-) [ Ei»'(0)+vE3"'(0) } (9) 

E3"(^)= I E3'"(0)+fE4'"(0) } (10) 

Assume E,"(0)=A, E,"(0)=:tf, E,'"(0)=0, E 3 "'( 0 )=D. 

Equations (7H10) determind>;E 2 "(’?)» E 4 "(^) and hence Ei"(^), 
as homogeneous linear functions of A, B, C, D. 

Hence E=Ac,+Be 2 +Ce 3 +Dc 4 +af+/}iy+y^+S, where Ci, € 2 , e^, 64 
are now known functions and a, j 3 , y, S are arbitrary constants. 

The terms in a )3 8 do not affect the stresses and may be dropped. 

The term y i v ^^7 ^.dd y to P+Q- 

If, now, the value of any stress be known ^t"a given point, this leads 
to a linear equation between A, B, C, D, y. / 

Hence the complete specification of the stress at two points leads to 
six equations for A, B, C, D, y in like manner, if we consider the conditions 
at the boundary, where two of the stresses are in general known, the con- 
ditions at three points give six equations. In ^ther case we have more 
than enough equations to determine A, B, C, D, y. 

Thus the stress conditions at a few points, together with the isoclinic 
lines, determine the stress system completely. 
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vol. 18, 1909. See also letter by 0. M. Corbino in ‘ Nature,’ Jan. 16, 1913. 

(9) Volterra : ‘ Annales de TEcole Normale de Paris,’ 1907. 

(10) L. N. 6. Filon : The Investigation of Stresses in a Rectangular 
Bar by Means of Polarised Light, * Phil. Mag.,’ Jan. 1912. 

(11) Volterra, loc. cit. Note (8) ; Corbino, loc. cU, Note (7). Filon, 
he, cit. Note (9) ; also Filon, ‘ Phil. Trans. A.,’ vol. 201, pp. 63-166. 

(12) Cams Wilson : ‘ Phil Mag.,’ ser. 6, Dec. 1891. 

(13) Bousainesq : ‘ Comptes Kendus,’ vol. 114, pp. 1610-1616. See 
also Flamant : * Comptes Rendus,’ vol. 114, pjp. 1465-1468. 

(14) L.N.G. Filon: On an Approximate Solution for the Bending of a 
Beam of Rectangular Cross-section under any System of Load : * Phil. 
Trans. A.,’ vol. 201, pp. 63-165. 

(16) 0. Hon^sberg and G. Dimmer : Interferenzfarben beanspruchter 
durchsichtiger Kdiper. 0. Honigsberg: Unmittelbare Abbildung der 
ueutralen Schichte bei Biegung durchsichtiger Korper in zirkularpolar- 
isierten Licht, ‘ International Association for Testing Materials,’ Brussels 
Congress, 1906. 

(16) E. G. Coker : The Determination by Photo-elastic Methods, 
of the IMstribution of Stress in Plates of Variable Section, ^vith some 
Applications to Ships’ Plating, ‘ Transactions of the Institution of Navat 
Architects^’ See especially pp. 9-11. 

1914. r ^ 



. 210 ‘ mSFOBTS ON THIS STATE 0» 80IBN0B.— 1914 . 

' ' » 

(17)* E. Q. Coker ; Paper cited in Note 14 and the following : — The 
Optical Determination of Stress, ‘ Phil. Mag.,* 1910. The Distribution of 
Stress at the Minimum Section of a Cement Briquette, * International 
Association for Testing Material,’ 1912. The Effects of Holes and Semi- 
oiroalar Notches on the Distribution of Stress in Tension Members, ‘ Phy* 
steal Society of London,* 1913. 

(18) £. Q. Coker: An Optical Determination of the Variation of 

Stress in a Thin Beotangular Plate subjected to- Shear, *Proo. Boy. 
Soo.,*1912. V ■ 

(19) E. G. Coker and W. A. Sooble : The Distribution of Stress due 

to a Rivet in a Plate, ‘ Transactiom of tiie Institution of Naval Architects,’ 
1913. V, 

(20) A. Mesnager : Mesure des eSoria intirieurs dans les solides ot 
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The Lake Villages in the Neighbourhood' of Glastonbury.— 
Report of the Committee, cpnsisting of Professor W. Boyi) 
Dawkins (Chairman), Mi;<' Willoughby Gabdneh (Secre- 
tary), Professor W. RiDOBivAY, Sir Abthuh J. Evans, Sir C. 
Hercules Read, Mr. p. Balfour, and Mr. A. Bullbid, 
appointed to investigate the Lake Villages in the Neighbour- 
hood of Glastonbury in connection with a Committee of the 
Somersetshire Archceological and Natural History Society. 
(Drawn up by Mr. Akiiiur Bulleid and Mr. H. St. George 
Gray, the Directon of the Excavations.) 

Tue fifth season’s exploration of the Meare Lake Village Jby the 
Somersetshire Archaeological and Natural History Society began on 
May 13, 1914, and will be continued until May 27' (exclusive of filling 
in). The ground being excavated is situated in the same field and is 
continuous with the work of previous years. As the report has to be 
sent in on May 22, while the excavations are in progress, any notes 
regarding the work will necessarily be incomplete and curtailed. There 
has been considerable difficulty this year in procuring labour, and it 
is proposed to reopen the excavations in September. The digging 
includes the examination of the ground situated to the noith-east of 
Dwelling-Mound V., south-east of Dwelling-Mound VII., the south- 
west quarter of Dwelling-Mound IX., and the ground lying to the 
north-east of Dwelling-Mound XVIII. There is little of interest, so 
far, to note structurally, but the number and importance of the objects 
found have been well maintained. 

The Relics. 

This report is called for before the season's work is half completed, * 
and at a time when the excavators are only on the fringe of two well- 
defined dwelling-mounds. Hence there is little to say with regard 
to the relics so far discovered. 

Bone. — Hie bone objects include part of two needles, worked tibiae 
of sheep and ox, tarsal and carpal bones of sheep, cut and perforated 
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shoulder-blfdes, polishing-bones; and a long tubular die with numbers, 
3, 4, 5, 6, represented by small circular depressions on the sides, 
and of^ similar variety to those found in the Glastonbury Lake Village; 
also a piece of bone cut for the formation of two dice. A bone object 
of a new type is the coarse comb of rude workmanship formed from 
a rib-bone of ox or horse; there are eight large, clumsy teeth of varied 
size, which bear evidence of considerable wear; it is quite of a different 
character from the weaving-combs so frequently found in the lake 
villages. . . 

Ciwibles, — SeV^^ral fragments. 

Bronze. — ^The bronze objects include a piece of bordering, two 
fibulBB of safety-pin design (La Tfene III.), one in almost perfect 
condition, and a small ornamented ring-handle, perhaps of a vessel. 
A long tubular object formed from a strip of sheet bronze was also 
found, the working-end of which is trifurcated by splitting the mStal 
for a distance of about i inch, each of the divisions tapering to form 
a three-pointed instrument. 

Iron. — Parts of knives and fragments of pointed objects. 

Flint. — A few flint flakes, some with secondary chipping. 

Oldss . — A perfect bead of clear white glass, ornamented with three 
sunk spiral devices filled with a light yellow paste, has been added 
to the bead series ; and others have been found in addition. 

Antler. — Part of a polished tine, a small tubular object, a cut piece 
with partial perforations, two weaving-combs, 'cheek-pieces,' and 
tool-handles. 

Kimmmdge Shale. — Part of a fluted armlet of large size, lathe- 
turned; and portions of three others. 

Tusks. — Several boars' tusks (? wild), including one perforated. 

QvMms. — No complete upper or lower stone has been found, but 
several large portions of well-worketl saddle and rotary querns have 
been uncovered in Mound IX. 

Other Stone Objects. — Several sling-stones, found singly; a large 
number of whetstones ; a few small smooth pebbles (perhaps calculi). 

Spindle-whorls. — Six have been found so far, (a) one of baked clay, 
(b) four of lias stone, (c) a part of one formed from an ammonite. 

Baked Clay. — Several sling-'bullets of fusiform shape have been 
collected ; also a large triangular loom-weight and fragments of others 
in Mound IX. 

Pottery. — No complete vessel has been found, but shards are very 
abundant in proportion to the area dug. The rougher wares are strongly 
represented, but a fair number of ornamented pieces have been 
collected, including some new and elegant designs. Part of an orna- 
mented pot-cover of a type previously found at Meare has been found ; 
also at least two separate fragments of Homan ware of the ‘ Burtle 
type,' obtained from below the alluvial deposits and on the original 
surface of Eoman times. 

* Animal Rerhains. — ^Ijarge quantities of bones of domesticated 
animals are being collected, chiefly of young animals. Many split 
bones and splinters have been noticed. Bird-bones are. also commonly 
found. A cock-spur has also come to light at Moaro, which implies that 



212 RSFORTO ON THE STATE OE |OIENOE.— I9l4. 

the sport of cock-fighting, common in Gaul before the Bom^n conque$t, 
was carried on in the lake village of Meare, as well as iir^that of 
Glastonbury. ^ 

The Committee are desirous that they should be authorised to act 
for the ensuing year on the part of the British Association, and that 
a grant of 201. should be made in aid of the exploration that is mostly 
paid for by local effort. 


Physical Characters of the Ancient Egyptians. — Report of the 
Committee, consisting of Professor G. Elliot Smith (Chair- 
man), Dr. F. C. Shrubsall (Secretary), Professor A. Keith, 
,, Dr. F. Wood Jones, and Dr. C. G. Seligmann. 

Professor Elliot Smith* s Report. 

This report deals with two distinct series of anthropological material, 
(A) one from Saqqara in I^^wer Egypt, and (B) the other from the 
Southern part of the Kerma basin in the Sudan. Both collections 
are of quite exceptional importance from their bearing upon the 
history and the racial movements in the Nile Valley. 

(A.) The Committee was appointed primarily with the object of 
acquiring, studying, and, if feasible, transporting to England a valuable 
and unique series of skeletons of Ancient Egyptians, buried in mastabas 
of the Second and Third Dynasties at Saqqara, which Sir Gaston 
Maspero, Director-General of the Egyptian Government Antiquities 
Department, had placed at my disposal. The material was brought 
to light in the course of the excavations carried on for the Antiquities 
Department by its Senior Inspector, Mr, J. E. Quibell, Who did 
everything in his power to facilitate and help me in my investigations. 
The cemetery in which the material was obtained, is situated a short 
distance to the north of the Pyramids of Saqqara, and included the 
tomb of Hesy, from which the famous wooden portrait panels (now 
in the Cairo Museum) were obtained by Mariette Paslia many years 
ago. The tombs themselves are of very great interest, and will be 
described in detail in Mr. QuibelPs official report,^ a summary of 
which was read at the Dundee Meeting. They are the earliest known 
examples of elaborate subterranean rock-cut tombs, and range in date 
from the latter part of the Second Dynasty until well into the period 
of the Third Dynasty. At the Dundee Meeting of the Association I 
read Mr. QuibelPs account of this cemetery, from which the following 
extracts * have been taken : — 

‘ This is the area in which Mariette found most of his mastabas, 
from which much ot the knowledge of the Olcl Kingdom has been 
obtained.' 

^ Excavations at Saqqara, 19101911, Service des Antiquitds de I’Egypte. 

* These extensive quotations, not published hitherto, are necessary to explain 
the importance and precise significance of the anthropological questions involved 
in the study of the material, to the consideration of which I shall return in the 
latter part of this report. 



ok PJ^SiOAt, O^iOIBBS OF THlt ANOIBI^ ^1$ ; 

* More than 400 tombs were dug and recorded : they were singularly 
uniform in type and cover but a small period in time. Pour were of 
the First Dynasty, and the rest of the Second and Third. Intrusive 
burials of later ages were confined to two periods, that of Thotmes III. 
and (probably) late Ptolemaic, and were unimportant. ’ 

* In what follows we will confine ourselves to the Second and Third 
Dynasties: — 

* These tombs were most Varied in size, but uniform in plan. One 
was 50 metres long and 30 wide, j^ut the one I have chosen as a type 
was no more than li metres long, and even originally not 1 m&tre 
high. It consists of a hollow oblong of unbaked brickw'ork filled in 
with gravel and stone chip, plastered and whitewashed externally. 
On the east side are two niches, the southern one being the larger and 
the more import.ant. Below the mastaba was a small stairway and a 
subterranean chamber. The smaller tombs were often built in rows, 
and their position parallel with the sides of the larger ones suggested 
that they belonged to tlie servants or relatives of the great men. 

* One tomb showed very clearly the origin of the later type in 
stone. The niche has been withdrawn into the body of the building 
and protected by a door. A small chamber is thus formed, and the. 
sides of this were, no doubt, decorated with paintings; later, when 
stone replaced ilie crude brick, the scenes were made in low relief. 
This is the form of most of the mastabas published by Mariette; the 
more com])Iex plans of the large tombs that have been left open are 
exceptional.* 

* The paths between the tombs were very narrow, hardly wide 
enough for one man to pass, and among the larger tombs, where there 
were walls 3 metres and more high, must have formed a perilous 
maze. They w'ere much used ; offerings of minute quantities of food 
were brought on every feast day and placed before the false doors in 
little vases like egg-cups and saucers. Piles of these pots are found 
thrown away near some of the tombs. 

‘ Very little stone-work was found. Small tanks 20 centimetres 
or so long occasionally remained before the niches, and in two cases 
an inscribed stone panel depicting the deceased seated before his table 
of offerings had escaped the search for lime. This panel appears in 
the middle of the later stel® of the Fifth Dynasty, of which it was 
evidently the most important part. 

‘ The sides of the niches may have borne painted decoration — 
probably did so — ^but no trace of this remained. 

‘ In one mastaba,* a very large one, the wall was double: the two 
niches were carefully built in both the inner and the outer walls, 
evidently in order that the inner one might retain its magical value, 
even if the outer one were destroyed. 

‘ The space inside the four walls was generally filled with gravel 
and with stone chip from the subterranean chamber, but in some of 
the larger tombs the filling contained also a great number of coarse 
vases, many crushed by the overlying gravel, but many also unbroken. 
These we thought at first might have been the jara used by the work- 
men for food, but some of them were of unbaked clay, and could hardly 
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have been used at all. In other caaeSi too, these vases had been 
placed in orderly rows; in one the whole desert floor between the 
walls of the tomb and the edge of the shaft had been covered with 
these erases, with clods ot black clay placed between them. It would 
seem, then, that these were deposits intended to supplement the 
furniture of the subterranean chamber, 

‘In the case here shown there can be little doubt. Below the 
filling, hidden beneath 3 metres of gravel, we found a shallow trench 
^ mfttre wide, once roofed with wood. Inside it were two rows ot 
jars or model bams, each 30 centimetres high, made of unbaked clay, 
and containing a brown organic powder, probably decayed corn. The 
trench is lined with brick, and from it a tiny tunnel, a Jiandbreadth 
wide and high, leads to the mouth of the shaft. This, surely, was u 
secret supply of food for the dead man. 

‘ In three of the large tombs a still more elaborate provision was 
made. A row of brick chambers, or tanks, was sunk in the floor of 
the tomb, filled with jar*s, and covered with a course, of brick. What 
the jars contained is not clear; a \ery light organic matter, probably 
a fat, filled the lower half of a few, but most of them were empty when 
found. These chambers, or tanks, must, however, have once contained 
.something of value, for in one tomb they had been laboriously robbed. 

A shaft had been sunk through the filling — in this case composed of a 
very tough, dried mud — into one of the chambers, and from this 
tunnels had been forced, sometimes through the walls, sometimes 
above them through the mud filling, till all the eight chambers had 
been rifled. The labour must have been considerable and the risk not 
trifling : there was nothing to show how it had been repaid. 

‘ We now leave the structures above ground and come to the shaft. 

' Thi.s was nearly always in the form of a stair, sloping down 
from the north or east to the chamber mouth. The stair often starts 
from the east, near thj^ north niche, and bends at a right-angle half- 
way down; this would be practically useful while the digging was 
going on, as it would slop a falling stone before it acquired an 
aw'kward velocity. The shafts, like tlie tombs, vary much in size. 
Some are 12 inkres deep, some so small — 1 metre or less — that 
the steps would be of no practical use. 

In the larger and deeper tombs the steps arc cut in the rock, are . 
of reasonable size, and evidently served their purpose in the excavation 
of the chamber below; but in many of the moderate sized mastabas, 
those 4 to 5 mfetres long, the steps are of brick, and are too narrow 
and fragile for a man to stand on them. Shafts and steps in the 
..small tombs, and presumably also in the large- ones, were carefully 
plastered and whitewashed for the funeral ceremony. In small tombs 
a low skirling wall a few inches in height was built round the shaft, . 
and this, too, was whitened. The upper part, the mastaba, was buili 
. after the funeral. But in larger tombs this was not practical; th^T^ 
works above and below ground had to go on togetk^r, so the stair -i 
was fenced in by a separate wall. , . ^ ^ ^ 

V i * Shafts wore generally filled with gravel, the portcullis being relied 
on to secure the mouth of the chamber; but in large tombs tliiey were 
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filled with slaBs of stone, packed in on edge/ and in some cases a 
pavement of heavy blocks was laid in above. A few stone vases 
occasionally placed in the shaft, and in one tomb a great number had 
been laid on the steps of the stair. The same arrangement was found 
by Garstang in a great tomb at Bet Khallaf. 

‘ The portcullis consisted of a large flat block of stone with 
rounded edges, sometimes aS’' much as 3 metres long and 1*5 metres 
wide, which fitted into a groove cut in the rock. It must have been 
lowered before the mastaba was built and chocked up so that its base 
was i^ove the door of the chamber. Eopes were used to aid in 
lowering it ; the channels cut by them were observed in one stone. 

‘ The chamber opened either on the south or west, very rarely the 
north, never on the east. 

‘ It was generally a small, rudely^cnt cave, too small to hold a 
body laid at full length; this small rough chamber was the general 
rule, but the larger tombs have a series of chambers of a somewhat 
elaborate plan. 

‘ On passing the portcullis in these we find ourselves in a broad 
passage, from which three or four chambers, probably magazines, 
open on each side. 

* A wide doorway at the end leads to a continuation of the passage, 
and this to further chambers, in which there is some variety of plan; 
but two features are constant. To the right — that is, to the S.W. — 
is the actual burial chamber with remains of a single skeleton ; in the 
S.-B. corner is a feature new in Egyptian tombs, and, surely, in any 
other tombs — viz., a dummy latrine; north of this, in two cases, was 
a narrow chamber with rude basins carved in the floor — probably 
meant for a bathroom. The provision for the dead was evidently more 
thoughtful and complete than in later ages. 

‘ In all these underground chambers the antiquities found were 
somewhat disappointing. It is true that we did obtain a great number 
of bowls and dishes of alabaster, diorite, and other stones — indeed, an 
embarrassing quantity of them — also ewers and basins of copper, 
occasionally a wooden piece from' a draughtsboard, a box or a bit of 
ivory inlay, and that the mud-seals on the vases were in three tombs 
inscribed with Kings’ namas, thereby giving us our assured dates for 
the cemetery; but the ancient robbers had very different returns for 
their labour ; there had certainly been quite other classes of monuments 
of which no sample had survived. All the tombs except the very 
smallest and poorest had been robbed, and robbed, too, at a very early 
period : this was clear from the knowledge shown by the robbers of 
the constniction, and the skill with which they penetrated to the burial 
chamber with a minimum of labour. -Sometimes the earth inside the 
chamber had been passed through a sieve : this shows that the second 
robber 'had found some gold beads left behind by the first; he (the 
first one) would not need a sieve — ^he found the coffin and all the 
furniture lying clear. * 

. ‘ We assume that there was a coffin in all cases — indeed, fragments 
were often found, but complete coffins remained in four tombs only, 
and thm four of the poorest. 

‘They are short, with panelled sides and arched square-ended lid: 
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two niches are made in the east side. In one coffin, the east side 
of which alone is here shown, the central panels are coyered with 
a series of slabs; these are rounded at^the ends and do not, as one 
would expect, butt against or mortise into the uprights; this suggests 
that they are in imitation of a door,' [Similar coffins were subse- 
quently found by Professor Flinders Petrie in a contemporary cemetery 
on the opposite bank of tlie river,] ^ 

* When the east side of the coffin is taken away the body appears, 
sharply contr^ted, with head to the north and face east. The limbs 
are swathed in linen bands, and masses of linen folded together lie 
above the body. There was some little evidence of an attempt at 
mummification, but no flesh remained on. the bones; those of the 
onn lay free inside a wide cylinder of wrappings, which retained the 
shape of the limb. The preseiwation of these coffins and bodies was 
partial; some of the wood was quite sound, other pieces could not be 
moved. So of the cloth; some had been eaten by white ants, but 
some was in admirable preservation. 

' About fifty skeletons and parts of skeletons were found in fair 
condition, and these, happily, owing to the visit of Professor Elliot 
Smith, could be carefully examined, some of them before they had 
been touched. 

' In one only of all these four hundred tombs have paintings been 
found, but this is of very considerable interest, and the paintings are 
so extensive that our time for a whole season has been mainly 
occupied in copying them. This is the tomb of Hesy. 

‘ The panels of Hesy have been, for more than forty years, in 
the Museum; they were brought there by Mariette, who discovered 
them and attributed them, correctly, to the Third Dynasty.* 

These quotations from Mr. Quibell's report will make it clear 
that we are dealing with the remains of the very people who were 
responsible for technical inventions of far-reaching importance in the 
history, not merely of Egyptian craftsmanship, but of that of the 
whole world. This series of tombs reveals the stages in the acquisi- 
tion of the means of cutting out extensive rock tombs; and it is a 
matter of considerable significance to determine the precise racial 
characteristics of the people who invented and were the first to practise 
these arts and crafts which were destined to exert so profound an 
influence on the world's culture. 

The crucial importance of the human remains buried in these 
tombs depends upon the fact that the earliest bodies hitherto found 
in Lower Egypt (exclusive of those brought to light at Turah in the 
winter of 1909-19.10 by Professor Hermann Junker, and described by 
Dr. Derry, to which reference will be made later) belonged to a later 
period — Fourth to Sixth Dynasties — and revealed' undoubted evidence 
of considerable alien admixture, such as does not occur, except in rare 
sporadic instances, in the earlier remains from Upper Egypt. The 
problem for solution was the determination of when and how this 
process of racial admixture began. 

The contemporary and earlier material found by Professor Junker 
upon the opposite (east) bank of the river, and a little further north. 
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was in a very bad state of preservation, and no adequate photographic 
record was obtained to permit of exact comparisons with other collec- 
tions. But Dr. Derry's report, which seems to suggest that the alien 
element in these poorer graves did not become certainly appreciable 
until the time of the Third Dynasty, served to add to the interest of 
Mr. Quibell's material, and to make it more than ever desirable to 
secure and preserve a collection of such crucial importance for the 
investigation of the problems of Egypt’s anthropological history. 

The chief difficulty that faced me was how satisfactorily to deal 
with a collection of most fragile bones, a large proportion of which 
were certain to become damaged, more or less severely, during trans- 
port. As there was no anthropologist on the spot to measure and 
make descriptive notes on the material, it was proposed to employ 
experts to photograph each skull, and other important bones, before 
they were treated with size, or other strengthening agent, in prepara- 
tion for transport to England. 

But, while preparations were being made for carrying out this 
scheme, most of the difficulties were removed by the fact that the 
Egyptian Government requested me to go out to Egypt in connection 
with the work of the Archoeological Survey of Nubia, and it thus 
became possible to visit Mr. Quibell’s excavations in person, to 
examine and measure all the material on the spot, to supervise the 
work of photographing and packing it for transmission to England. 
It was possible to do so much in the short time at my disposal, 
because Mr. Qiiibell and liis trained workmen afforded every help, 
and Mr. Cecil M. Firth and his native photographic assistant, 
Mahmud Shaduf, of the Nubian Archseological Survey, volunteered 
to help. Mr. Firth took about a hundred and thirty photographs of 
the material. Every help was also given by the Egyptian Survey 
Department in the loan of instruments and other apparatus. Further- 
more, the authorities at the Museum of the Eoyal College of Surgeons 
in London offered to take charge of and repair the material on its 
arrival, and to grant me every facility for its investigation. 

Full notes and photographs were obtained of all human material 
rescued by Mr. Quibell, consisting of the remains of thirty-nine 
individuals of the Second and Third Dvnasties, most of which is now 
safely housed in the Royal College of Surgeons’ Museum. At the 
outset it may be stated that the material closely resembles the human 
remains of the Pyramid Age found in neighbouring sites of a some- 
what later date. There are quite definite evidences of some racial 
influence alien to the Proto-Egyptian race; but the difficult problem is 
raised as to how much of the contrast in the features of the two 
populations — Upper Eg\"ptian and Lower Egyptian at the Second 
and Third Dynastic Periods — ^is due to admixture and blending; and 
how much, if any, is due to the specialisation in type of the Delta 
portion of the Proto-Egyptian people. 

The investigation also revealed some suggestion of attempts at 
mummification as early as the Second Dynasty — a fact of some 
Jnterest, as the earliest undoubted case of mummification is referred 
to the Fourth or Fifth Dynasty (more probably the latter), and no 
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evidence has been obtained before of attmpted mummincatiOn 6t & 
body which not buried in the fuUy extended position. 

While in E^pt I took the opportunity of comparing the Saqqara, 
i skulls directly with the type collation Predynastio skulls in the.: 
Anatomical Museum of the Cairo -School of Medicine, end also with 
skulls of the Fourth and Fifth Dynasties at Dr. George Beisn^'s 
excavations (for Harvard University and Boston Museum) at the 
Giza Pyramids. 

■ ' For convenience of comparison I have followed the plan and used 
the notation explained in thp Report on the Archieological Survey of 
Nubia (1910), vol. ii., p. 40. 

Detailed Statement of the Results of Examination of the 
Human Remains. 

2102 F.^ Man about foiiiy-five years of age, with well-defined 
alien traits.-* Buried in a small mastaba with degraded stair placed 
alongside a big mastaba, A very big, broad, full ovoid calvaria, with 
large bregmatic bono and squarish orbits, and narrow high-bridged 
nose. The rest of the face and mandible are missing (that is, w^ro 
not saved by Mr. Quibell). L. (inaximutn length of cranium in milli- 
metres) 205, B (maximum breadth of cranium) 14G, F.B. (minimal 
frontal breadth) 98, H. 135, L.O. 38x34. 

2104 G. A man with a short and very perfect, well-filled ovoid 
skull, which does not conform to the Egyptian type; rounded orbits; 
long narrow nose; jaw of distinctly alien type. L. 176, B. 139, H. 137 
(approximately), P.B. 90, T.F. 119, U.P. 73, Biz. 122, Interorb. 21, 
N. 50 X 23, R.O. 39 x 35, L.O. 36 x 34. 

^ 2104 J. A characteristic example of the type of skull (male) alien 

to Egypt, which was found at Giza and also at the Biga Cemetery at 
Nubia. It has largo, obliquely placed, squarish orbits; prominent 
narrow-bridged nose, with very projecting sharp margins and long 
nasal spine; a broad face with the zygomatic arches curved strongly 
outward; a jaw with a wide chin; and a ramus which is narrow, 
moderately high, and has a big coronoid process. The skull is a 
short, broad, full ovoid; there is a straight line of brow and nose; 
very deep conceptaculce cerehelli, associated wiih manifestation of 
an occipital vertebra. L. 174, B. 134, P.B. 93, H. 136, Biz. 130, 
T.F. 119, U.F. 71, O.B. 99, F.B. 91, Interorb. 22-6, R.O. 37x37, 
L.O. 37’6x36, 5r5x2F5, Big. 102’5. Femur, rough estimate 

of length, 486. One molar is carious, and there is widespread but 
slight periostitis of the leg-hones and pelvis. The pelvis and leg- 
bones are very big and massive. 

2104 N.W. Woman, probably about twenty-eight years of age. r 
The skull is a broad, flat ovoid (or beloid), with markedly sloping 
forehead, the profile passing without break into the hose (‘Greek 

* Distinguishing number of the grave in Mr. Quibell’s Archaeological Report. 

^ In using the term 'alien traits’ I refer to features which are foreign to 
the Proto-Egyptian people as well as to the tiroyirn Race in general. In most 
cases— as for example this instance—these foreign features, su^ as 'a very big, ^ 
broad, full ovoid calvaria,’ * squarish orbits,’ and 'narrow high-bridged nose’ 
are distinctive of the Armenoid population of Western Asia. ^ / 
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profile*); si^uare orbits with rounded angles; nose moderately broad 
and not very prominent, but the nasal spine is large. In most 
respects the mandible conforms to the Proto-Egyptian type, but the 
ramus shows a tendency towards the form distinctive of the Biga 
population (see ‘ Report of the Archceological Survey of Nubia,’ 1907- 
1908, vol. ii.). The teeth are perfectly healthy. The femur is small 
and slender, with slight flattening of the upper part of the shaft. The 
length of the right femur is 407, and the diameter of its head 38. 
L. 178*5, B. 138, P.B. 93, H. 132, Biz. 122. T.E. 120, U.F. 76, 
O.B. 102, P.B. 98, Interorb. 24*6, R.O. 39x34, L.O. 36x34*6, 
N. 65x27, Big. 87, Sym. 36. 

2104 H.E. This is a man about twenty or tw^enty-one years of 
age, with a curious blending of the features seen in the skeletons of 
the man 2104 J. and the woman 2104 N.W., having the cranial 
features of the former and the facial traits of the latter. Tlie skull 
is a moderately broad, well-filled ovoid, with a sloping forehead and 
a profile like 2104 N.W. The nose also resembles that of the latter, 
but is also curiously like that found in the Nubian people at the time 
of the Middle Kingdom. Its lower margins are rounded. The orbits 
are not quite so square as those of N.W., being almost elliptical and 
oblique. The teeth are perfectly healthy and unworn. The large 
size of the canines and incisors has produced slight prognathism. 
The left tibia is 306 in length; its epiphyses are just consolidating. 
L. 181*5, B. 141, P.B. 97, H. 138*5, Biz. 131, T.P. 120, U.P. 73, 
Interorb. 27, R.O. 40x33, L.O. 38x33, N. 62*5x26, Big. 86, Sym. 35. 

2162. An elderly man \vith the coronal, sagittal, and lambdoid • 
sutures almost completely closed. The teeth are well worn, but 
.thealthy, excepting for a * perforation abscess * * at the root of the lower 
right first molar. There is, however, a considerable amount of tartar 
deposit on the teeth. The cranium is a big ovoid or beloid, with 
prominent superciliary ridges; small, fiat, horizontal orbits; small, 
narrow, high-bridged, sharp-edged nose; a wide jaw, with broad chin, 
and a moderate ramus of alien form, with out-splayed angles. There 
is evidence of severe arthritis in the left teinporo-mandibular joint. 
The face conforms to a type which is often seen in the Dynastic 
Egyptian. L. 193, B. 139, H. 136, P.B. 91, Big. 105, Sig. 62, 
T.P. 113, U.P. 69, Biz, 134, N. 54x25, Interorb. 26, L.O. 38x29, 
R.O. 37x30. 

2116 N. This skeleton is probably a woman’s. It conforms to 
the Proto-Egyptian type, the mandible being quite typical, and the 
skull a long ellipsoid, which is well filled. None of the cranial sutures 
show any sign of closing, although the teeth are moderately worn 
and encrusted with deposits of tartar. L. 181, B. 129, P.B. 93. 

2146. A middle-aged or elderly man, with a full ovoid or 
beloid skull, with flattened occiput, somewhat rounded orbits, and 
moderately prominent nose. The coronal, sagittal, and lambdoid 
sutures are closing, and the teeth are worn down, and there are 

* By this term 1 refer to an alveolar abscess, which is not .duo to dental 
*oad, bat originates by infection through the pulp cavity of a tooth, which has 

distinosed by excessive wearing-down. 
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several ‘ perforation abscesses.' There is thinning of the left parietal 
bone. L. 183, B. 139, H. 146, F.B. 93, U.P. 72, Biz. 130, N. 53-6x25, 
Interorb. 24, L.O. 38x33, R.O. 38x33. 

2162. Middle-aged man, whose coronal and sagittal sutures are 
beginning to close. The teeth are well worn down, and there are 
four ‘ perforation abscesses,’ that associated with the upper left second 
molar opening by a large perforation into the maxillary antrum. The 
jaw is a big, heavily built ovoid, with well-marked muscular impres- 
sions and prominent superciliary ridges. The orbits are flat and 
horizontal, the nose is narrow with a prominent high-bridged root. 
L. 188, B. 138, H. 138, F.B. 100, U.F. 69, Biz. 135, N. 49x24*5, 
Interorb. 24, L.O. 40x32, E.O. 40x33. 

2170. A man whose coronal suture is beginning to close, and 
whose perfectly healthy teeth are only slightly worn. The skull is a 
big, well-filled ovoid, wuth sloping forehead and moderate superciliary 
ridges. The face is short and broad, with small, narrow nose and 
very flat orbits. The jaw is heavily built, but its form is Proto- 
Egyptian. L. 187, B. 141, F.B. 95, H. 138, Big. 131, T.F. 110, 
U.F. 67, Tnterorb. 25, R.O. 40x32, R.O. 40x33. 

2170. A man whose coronal suture is beginning to close, and 
whose perfectly healthy teeth are only slightly worn. The skull is a 
big, well-filled ovoid, with sloping forehead and moderate superciliary 
ridges. The face is short and broad, with small, narrow nose and 
very flat orbits. The jaw is heavily built, but its form is Proto- 
Egyptian. L.187, B. 141, F.B. 96, H. 138, Big. 131, T.F. 110, 
U.F. 67, Interorb. 25, R.O. 40x30*5, L.O. 38x30*6, N. 53x24. 

2173 D. This is a child of nine or ten years, with a typical Proto- 
Egyptian pentagonoid skull. 

2172 B. This is a woman of twenty years, or peAaps a little 
more, with a small head of Proto-Egyptian type, and well filled 
pcTiiagono-ovoid form; Ihe nose has a small horizontal, elliptical, 
flattened bridge; small mandible, with a very pointed chin: the 
zygomatic arches are laterally compressed. The teeth are in excellent 
condition and practically unworn. L. 178, B. 128, F.B. 85, H. 129, 
Biz. 116 (estimated), T.F. Ill, U.F. 68, C.B. 98, F.B. 94, Interorb. 
24, R.O. 38x27, L.O. 35x28, N. 46x245, Big. 82, Sym. 35, Sig. 45. 

2172 E.B. A woman with very perfect, small, well-filled ovoid or 
ellipsoid cranium. The face might be Proto-Egyptian, but the large 
orbits and prominent-spined nose suggest alien affinities. The coronal 
suture is beginning to close. L. 173, B. 130, F.B. 90, H. 138*5, 
Biz. 121, T.F. 102, Tnterorb. 20, R.O. 37x32, L.O. 38x32, N. 48x23. 

2172 a (? or j8). This is a man with teeth moderately worn, but 
quite healthy. Sutures all open. Long pentagonoid cranium with a 
markedly bomb4 occipital. Prominent superciliary ridges thickening 
whole upper edge of orbits meet across the mid-line, overhanging the 
depressed and flattened root of the nose. Orbits flattened; nose wide; 
typical Proto-Egyptian jaw, w'ith pointed chin and characteristic 
ramus. L. 194, B. 136*5, H. 141, F. 95, T.F. 107, U.F. 66, Biz. 130. 
N. 49x30, L.O. 38x30, R.O. 39x29, Interoih. 23 5. . 

2173. A woman about twenty-one years of age. Teeth Healthy. 
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Typical Proto-Egyptian pentagonoid ,8kull, with small, broad, flat- 
bridged nose (nasals fused), not separated by any depression from the 
frontal; oblique orbits, and typical high ramus and coronoid process 
of the alien type of jaw. L. 178, B. 133, H. 133, P. 92, T.P. 110, 
U.P. 67, N. 47x23*6, Interorb. 24, E.O. smashed. 

2173 A. This is a woman with teeth well worn; left upper molars 
carious, abscesses at all upper molars. Temporal part of coronal 
suture closed, as well as the whole sagittal and part of lambdoid. 
Big broad ovoid head, with senile thinning commencing. Broad face 
with out-curved zygomatic arches and out-splayed angles of jaw. 
Long, very narrow nose, with prominent spine, but not very high 
bridge. Large square orbits, with deficient lateral walls. Left femur 
is severely affected by osteomyelitis, according to Professor Ferguson, 
of Cairo, who had taken the bone before I arrived at Saqqara. Large 
inflammatory excavation in front of right sacro-iliac joint. L. 183, 
B. 137, F. 96*5, H. 136. Biz. 133, T.P. 126, U.P. 80, Interorb. 23, 
R.O. 39x36*6, L.O. 40x37, N. 55x23, Big. 106. 

2173 D. A woman's skull, almost edentulous, but all the sutures 
are still open. A broad, flat, beloid cranium associated with a small 
infantile face. L. 175, B. 138, F.B. 90, H. 117, Biz. 119, T.P. 101, 
U.P. 69. R.O. 37x30, L.O. 36x31, N. 62x22. 

2175. A man with all upper incisors and right canine teeth gone, 
probably the result of some alveolar disease, leaving now a large hole 
about 27 mm. in diameter. The three principal sutures are closed. 
Has a large, lofty, well -filled ovoid skull. Pace very long, naiTow 
and ovoid, with Proto-Egyptian type of orbits; but siiSall, narrow, 
high-bridged, sharp-margined nose. Pointed jaw with a high ramus, 
set at so oblique an angle that the sigmoid height cannot be measured. 
L, 185*5, ]fl44, P.B.96, H. 140, Biz. 131, T.P. 130, U.P. 73 
(estimated), Interorb, 21, R.O. 41x32, L.O. 40x32, N. 50x24. 

2262. A woman with a perfect set of healthy, almost unworn 
teeth; temporal part of coronal suture closed. A big broad pentago- 
noid skull with large alien jaw and rounded orbits. L. 189, B. 141, 
F.B. 95, H. 131, Biz. 122, T.P. 119, U.P. 72, Interorb. 24. R.O. 
37 X 33, L.O. 36 x 33-5, N. 49 x 24. 

This individual exhibits signs suggestive of some form of mummifi- 
cation having been attempted. If so, it is the earliest authentic 
evidence of such a practice. The skeleton was found completely 
invested in a large series of bandages — ^more than sixteen layers still 
intact, and probably at least as many more destroyed — ten layers of 
fine bandage (warp seventeen and woof forty-eight threads to the 
centimetre), then six layers somewhat coarser cloth, and next to the 
'^body a series of badly corroded, very irregularly woven cloth, much 
coarser (warp six and woof fourteen per centimetre) than the inter- , 
mediate and outer layers. Each leg was wrapped separately, and 
there was a large on the perineum. The bandages were broad 
sh^ts of linen rather than the usual narrow bandages. The body was 
flexed, as was usual at this period. 

In the wide interval between the bandages and the bones there, 
was a large mass of extremely corroded linen, ^H^rieas the intermediate 
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and superficial layeiB of cloth were quite well preserved and free frorS 
corrosion, except along a line where the cloth was corroded to repre- 
sent the rima pudendi— a fact of great interest when it is recalled 
that in the Fifth and probably the Fourth Dynasties it was the custom 
to fashion (in the case of male mummies) an artificial phallus. 

The corrosion is presumptive evidence that some material (probably 
crude natron) was applied to the surface of the body with a view to 
its preservation. If so, this is the earliest body with unequivocal 
evidence of an attempt artificially to preserve or prevent decomposition 
in the soft tissues. 

2262 N. (?) Woman aged twenty years of age. The teeth are 
healthy and almost unworn. Cranial sutures all open. Small 
infantile face of characteristic Proto-Egyptian type. Broad pentagonoid 



cranium and flat orbits. L'. 185, B. 142, F.B. 83, H. 136, Biz. 124, 
T.F. 105, U.F. 63, Interorb. 215, E.0. 39 5x30, L.O. 37x30, 

N. 48x23. 

2262 B.N. A small tomb containing a man aged about forty years. 
Teeth extremely worn; right lower molar carious; severe alveolar 
abscesses in upper jaw; only a few stumps left. Typical Proto- 
Egyptian pentagonoides, shading into ovoides. Low, very, slightly 
oblique orbits; narrow nose with high bridge, very sharp margin and 
prominent spin©.* Semitic curve of nasal bones. Mandible with widely 
splayed* angles. The face as a whole, while Proto-Egyptian in type, 
has a suggestion of the criminal Blemmye type in jaw, nose, and 
orbits — ? a Sinaitic Arab. Three lower incisors (two right and one 
left removed), left, zygomatic arch fractured, and rejoined with inward 
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bend. L. 189, B. 135, P.B. OTS, Jl. 141, Biz. 130, T.IMIO, U.F. 70, 

O. B. 106, P.B. 93, Interorb. 23, R.O. 38-6x30-6, L.O. 39-6x31, 
N. 50x23, P. 53x37, Big. 108, H.S, 28. 

2262 J.N. A man of about twenty years of age. Basilar recently 
dosed. Teeth healthy and only slightly worn. Perfect Proto« 
Egyptian type. Lwg ovoid, fairly broad. L. 183, B. Id7'5, H. 135, 

P. 89, U.P. 69, Biz. 120, N. 60 x 23, Inteiorb. 22, L.O. 86x29 
(flat, horizontal, oblong), B.O. 38 x 30. 

2196. This is a man whose conmal is beginning to close. Very 
full broad ovoid; large squarish orbits; very narrow, rang, high-bridged 
nose; no jaw. L. 188, B. 137, H. 145, P. 91, U.P. 76, N. 65x23, 
Biz. 130 (curved out), Interorb. 20, L.O. 37x33, B.O. 37‘6x31'6. 

2187. A woman of about twenty-five years, with teeth quite 
healthy. Flattened beloid skull, with Proto-Egyptian jaw and hori- 
zontal flattened orbits. Small Proto-Egyptian nose and slight 
prognathism. L. 171, B. 140, H. 132, P. 90, Interorb. 22, L.O. 
37-6x29, E.O. 38x 29, N. 44x23, Biz. 120, U.P. 62-6, T.P. 106. 

2256 N. A man almost edentulous, seven stumps flush with gum.' 
Coronal, sagittal, and lambdoid closed. Big, well-filled ovoid head; 
oblique squarish orbits, and narrow prominent nose of ahen type. 
L. 186, B. 138, H. 134, P. 104, U.P. 73, Biz. 132 (well curved out). 
Interorb. 24, L.O. 40x32, R. 0.37x33 (right occiput much more 
prominent), N. 54x24. 

2256 S. A child of thirteen or fourteen years. Flat beloid skull 
175x133, H. 133. Small elliptical horizontal orbits. Very narrow, 
sharp-edged, prominent nose. 

2256 S. (2nd.) Child about seven years old. Long, narrow, 
pentagonoid skull. L. 176, B. 127. 

2191. Woman. Coronal and sagittal sutures beginning to close. 
Metopic suture present. Teeth moderately worn and perfectly healthy, 
with slight tartar. Slender beloid skull. Fronto-nasal profile an 
unbroken line, sharp-edged nose of type suggestive of Giza (that is, 
from the necropolis of the Great Pyramids) aliens. L. 174, B. 130, 
H. 124, U.P. 66, N. 48x24, L.O. 39x31, P. 8T5, Interorb. 22. 

No. ? A man aged fifty years ; principal sutures closing, but teeth 
only slightly worn and quite healthy. Large beloid skull, but face 
of Proto-Egyptian type, with small pointed mandible. Nose probably of 
bulbous type (like that of King Mycerinus, as displayed in his statues). 
L. 189, B. 144, P. 97, H. 141, Biz. 129, T.P. 73, Interorb. 26, 
R.O. 40x32, L. 39 X 32, N. 60 x 28, Femur E. 468, head 45. 

No. ? Man with small, regular, well-worn, perfectly healthy 
teeth. Temporal part of coronal suture closed. A somewhat 
effeminate skull with typical srnall-featured Proto-Egyptian face, but 
well-filled ovoid cranium. L. 179, B. 138, P. 96, H. 137, Biz. 123, 
T.P. 108, U.P. 70, ■ Interorb. 25, R.O. 36-5x31, L.O. 86x30, 
N. 49-6x24. 

2307. A skeleton, probably female, obtained from a lai-ge mastaba, 
but not certain. Coronal, lambdoid, and sagittal sutures closed. Well- 
filled ovoid skull. L. 185, B. 137, H. 126, P. 100. 

2311 B. A woman forty-five years of age. Large, well-filled. 
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broad ovoid, almost ellipsoid cranium. Pace of Proto-Egyptian type; 
moderately large, almost horizontal orbits; moderate nose; typical 
pointed Proto-Egyptian jaw; low ramus, with small coroQoid. Vertical 
forehead, passing without interruption into line of nose. Femur B. 
413, head 40. Femur small, with no pronounced features, slenderly 
built. Diameter of head, 40 mm. E. 181, B. 137, P. 93, H. 139, 
Biz. 127, T.P. 116, U.P. 73, O.B. 99, P.B. 92, Interorb. 24, E.O. 
38x31, Ij.O..40x31, N. 50 x 24, Big. 84, S^n. 80, Sig. 47, Cir. 610. 
2313 W. A man with healthy but well-worn teeth ; left upper 



incisor missing and a curiously regular bevelled V-shaped hole in its 
place. Coronal and sagittal sutures closing. A big, high, ovoid cranium, 
with very narrow, high-bridged, prominent, sharp-margined, promi- 
nent-spined nose. Large squarish orbits; jaw with moderate ramus; 
beard on chin ; race certainly alien. L. 186, B. 143, P. 92, H. 138, 
Biz. 130. T.P. 124, U.P. 76, Interorb. 21, E.O. 40x34, L.O. 39x35, 
N. 55x23. 

2314 0. Man. Small pentagonoid skull of Proto-Egyptian type, 
cranium greatly thickened (parietal, 11 mm.). 

2315 N.E. A man’s skull, with coronal suture just beginning to 
close. Ovoid .head with prominent superciliaiy margin; a small, 
narrow, sharp-margined, piomiuent-spined nose, otherwise typical 
small-featured Proto-Egyptian. L. 180, B. 139'5, P. 90, H. 143, 
Biz, 125, T.P. 119, U.P. 72, luterorb. 2V5, E.O. 39x31, L.O. 
38 X 82, N. 50 x 26. Some tartar on the teeth, which are well worn. 

1914. q 
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An abscess, starling from the infeciion of the pulp cavity of the worn 
left upper molars, has eroded large holes in palate and into maxillary 
antrum. 

2316. Probably a female about thirty-five years. Cranium is a 
well-filled ovoid, with flattened occiput, with fairly broad, sloping 
foi^head. Moderately large squarish orbits, and small, narrow, and 
not very prominent nose. Teeth perfectly regular, and only very 
slightly worn. Mandible with somewhat curved body, and a narrow 
ramus, but not very high. In the temporal fossa thei*e is a very marked 
prominence in the postero-lateral corner of the frontal. On the left 
side series of four lumbar vertebras and the sacrum probably belonging 
to this body ankylosed by severe inflammatory process, which also 
affects the sacro-iliac joints, althougli there is no fusion of the bones 
in these joints. L. 174, B. 134, P. 96, H. 130, Biz. 123, T.P. Ill, 
U,P. 70, O.B. 97, P.B. 96, Interorb. 26, E.O. 40x33, L.O. 39-6 x 34, 
N. 50 X 24-6. : 

2323 0. Woman with temporal suture closing and parietal thin* 
iiing becoming apparent. Thick mass of tartar on teeth. Alveolar 
abscesses around upper molars. Very small head with typical Proto- 
Egyptian face, but rather well-filled ovOid cranium. L. 167, B. 129, 

F. ae, H. 129*5, Biz. 115, T.P. 105, U.P. 65, Interorb. 20. E.O. 
35x30, L.O. 35x30, N. 49x23. 

2338. Probably a man with veiy effeminate skull. The femur 
suggests masculine sex. Coronal suture closing. Large tartar deposits 
on the teeth ; alveolar abscesses at the two lower molars on both sides. 
Typical Proto-Egyptian pentagonoid skull; large square orbits, but 
otherwise characteristic Proto-Egyptian face with suggestion of negroid 
influence. Yevy slender humeri, the right coronoid fossa perforated, 
anterior lamella only of left gone. Femur E. 443^ head 44, L. 184, 

B. 132, F. 91, H. 134, Biz. 123, T.P. 118, U.P. 69'6, O.B. 96, P.B. 93, 
Interorb. 24, E.O. 39x36, L.O. 39x36, N. 60x23*5, 

2344 A. Woman about forty years of age. Typical Predynastic 
narrow pentagonoid skull. Orbits were small, horizontal, and ellipti- 
cal. Mandible was missing. Ijong and very slender femur with no 
outstanding peculiarities. Diameter of head 38. Femur E. 440, 
oblique. L. 175, B. 131, F. 83, H. 135, Biz. 120, U.P. 69, Iriterorb. 24, 
E.O. 35x31-5, L.O. 35x31*6, N. 40 x 24. 

2347 C. A woman’s cranium of Proto-Egyptian type, with sutures 
open. Facial skeleton missing. L. 180, B. 134, II. 131, F. 91. 

2358. A woman with perfectly healthy, only slightly worn teeth. 
Temporal part of coronal suture closing. Perfect ovoid skull, with 
sloping forehead and uninterrupted line of forehead /and nose. 
Bounded orbits and sharp-edged narrow nose of somewhat alien 
appearance. L. 180, H. 136, B. 137-6, P. 8^, U.f. 67, Biz. 120, 
N. 49 x 23, Interorb. 20, L.O. 37x33, E.O. 38x33. 

Skull found on stair noith of 2376. Man. Teeth healthy and 
only slightly worn. Cranial sutures all open. Flattened beloid skull, 
lot<5a.esA‘, \a.vi VvlYv VjtoaA c\atv 

T?envut U. 44.5, Wd 42. Ti\)\a uuned tu 1851, 
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2416. A man with coronal suture beginning to close and sagittal 
half-closed. Big broad peiitagonoid skull, the face being Dynastic- 
Egyptian in type, with Proto-Egyptian jaw. Three lower incisors 
removed at some time. L. 187, B. 141, P. 99, H. 139, T.P. 120, 
U.P. 74, Biz. 137 (established), Interorb. 27, R.O. 38x31, L.O. 
smashed, N. 52x20. 

2433. Sex uncertain. Temporal part of coronal suture closed. 
Mandible healthy and well worn. Left upper first molar and first 
premolar alveolar abscesses due to infection through the pulp cavities 
exposed by the wearing down of the teeth. Large abscess destroyed 
alveolus from second lower right molar to the premolars (inclusive). 
Small well-filled ovoid cranium. The nose has a somewhat flattened 
bridge, the jaw being rather a pronounced feature, typically Lower 
Egyptian. L. 171, B. 132, P. 90, H. 131*5, Biz. 128, T.P. 106, 
U.P. 67, O.B. 98, P.B. 94, Interorb. 22, R.O. 39x33, L.O. 37x31, 
N. 50x23 (moderately large orbits, not very oblique), Big. 86, 
Sym. 27, Sig. 52 (moderate outward curve of zygomatic pi'ocesses). 

The Significance of these Data. 

- In discussing the facts thus set forth I cannot refrain from 
expressing regret that it was not possible to examine each skeleton 
in situ in the tomb. For in removing human remains from tombs, 
not only does the material suffer considerable damage, but a great 
deal of the most valuable kind of evidence is destroyed. In this 
particular instance the loss of this opportunity is particularly regretted, 
because I feel sure important facts bearing upon the early practice of 
mummification might have been recovered. 

In making these remarks I am not unmindful of the fact that 
Mr. Quibell removed the material from the tombs into his workroom 
with the object of facilitating my work and enabling me to do as 
much as possible in the limited tune which I was able to spend upon 
this work at Saqqara, 

Apart from supplying what is perhaps the earliest evidence of 
attempts at mummification (see the account of No. 2262 above), this 
group of remains has also provided the earliest known instances of 
symmetrical thinning of the parietal bones not due to senile changes. 
That this parietal atrophy was not due to old age is quite certain, 
because the best-marked case occurred in the skull of a young woman 
(No. 2323 0) who could not have been much more than thirty years 
of age. This is interesting in view of the fact that such parietal 
thinning has not hitherto been known to. occur at so early a period, 
although it became exceedingly common in the Pyramid Age, two 
Dynasties later. Its causation seems to be associated with the habit 
of . constantly wearing heavy wigs, which by pressure affect the 
blood supply of the parietal bones.® 

Another interesting feature of the material discussed in this report 
is the rarity of dental caries, which became so common and wrought 
such appalling havoc in the successors of these people of Memphis a 

* Elliot Smith, * The -Causation of the Symmetrical Thinning of the 
.parietal jBk)ne's . j^Ancient Egyptians,* Journal of Anatomy and Physiology. 

• ■■■ , 
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Artificial Islands in the Lochs of the Hiyhlands of Scotland- 
Fourth Report of the Committee, consisting of Professor Bovd 
Dawkins (Chairman), Mr. A. J. B. Wacb (Secretary), and 
Professors T. H. Bryce, J, L. Myrbs, and W. Eidobway. 

Since, owing to the meeting of tho Association in Australia this year, 
reports have to bo sent in at a much earlier date than usual, the Com- 
mittee have so. far little to record. The Rev. E. 0. Blundell, the Com- 
mittee’s correspondent at Fort Augustus, continues to collect and 
tabulate information. He desires to thank the Committee for their 
assistance and for their encouragement in his investigations of a subject 
which, though full of interest, presents many difficulties that can 
scarcely be realised by those who have not taken part in the work. 

By the courtesy of the Society of Antiquaries of Scotland, fifty 
reprints of tho paper read before that Society, containing numerous 
illustrations, have been circulated amongst the correspondents of this 
Committee, and this has again stimulated interest in the subject. The 
Paper, which was compiled largely from the replies to the British 
Association inquiiy, was printed in full in the ‘ Transactions ’ of the 
Society, and elicited numerous letters of c-ongratulation on the results 
obtained by the Association. Mr. Gilbert Goudie, P.S.A.Scot., writes 
amongst others : — ‘ May 1 be allow'ed to add that I have been much 
impressed by your paper on Artificial Islands in the “ Proceedings of 
the Society of Antiquaries of Scotland”? These I had previously 
regarded as entirely exceptional and rare, but the numerous instances 
you adduce go far to show that they were almost the normal idea — 
quite a new conception which will influence me largely in looking at 
these things in future.’ 

One of the main objects of the Committee is to secure a suitable 
site for excavation. The artificial island in Loch Kinellan was pro- 
visionally fixed upon last year for excavation this year. Now Mr. P, 0. 
Diack of Aberdeen has sent photographs and particulars of the ‘ Island ’ 
in the Loch of Leys, Banchory. The loch is now completely dry, and 
therefore this island is a much more suitable site for excavation than 
that in Loch Kinellan. The Secretary proposes to visit the site with 
the Rev. P. 0. Blundell in July, and hopes to receive the permission 
of the proprietor. Sir Thomas Burnett, Bart., of Orathes, for the pro- 
posed excavation. It is hoped that the funds at the disposal of the 
Committee, together with a grant made by the Carnegie Trust to Dr. 
R. Munro for the excavation of the island in Loch Kinellan, will be 
sufficient for a preliminary excavation. 

The Comniittee desires to be reappointed and that a grant of 51. 
should 1» applied for at the next meeting of the British Association. 

It will be necessary for a new Secretary to be appointed — ^Professw 
r. H. Biyce is suggested. 
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Exploration of the Pakeolithio Sit§ known as La Cotte de St. 
Brelade, Jersey, during 1914. — Report of the Committee, con- 
sisting of Dr. Li. E. Marett (Chairman), Dr. A. Keith, Dr. 
C. Andrews, Dr. A. Dunlop, Mr. G. db Gruchy, C!o1. E. 
Gardneh Warton (Secretary), appointed to excavate a Palcco- 
lithic Site in Jersey. 

Scheme of Operations, 

Tue Committee arranged with Mr. Ernest Daghorn, who had for the 
tliree previous yeai*s carried out the excavation of this site with signal 
success, that for the sum of 50?. (being the full grant authorised by 
the British Association) he should supply throughout the months of 
March and April 1914, viz., for forty-eight working days, the services 
K)f three experienced quarrymen, while himself superintending their 
labours; that he should bear the lesponsibility for all accidents; 
and that he should furnish whatever tools or other appliances might 
be required for the work. The Committee has to thank Mr. Daghorn 
for having amply fulfilled all that was expected of him. The men 
worked with a will, and great intelligence was displayed in the 
execution of orders. 

Attention was exclusively directed to the main cave, already 
partially excavated by the Societd Jersiaise in 1911 and 1912. Mean- 
while it was hoped that it might be found to extend round the back 
of the ravine, up to now masked by talus, and so to be continuous 
with the smaller cave opposite, which Messrs. Marett and de Gruchy 
uncovered in 1913. Hitherto exploration of the main cave had been 
confined to the outer* or western side, where the roof is somewhat 
lower and the pile of superincumbent dc^bris consequently less. As 
the side contiguous with the back of the ravine is approached, the 
mass overlying the palaeolithic floor and reaching up to the roof passes 
from about twenty-five to some forty feet of thickness; so that for 
every square foot of floor to be cleared an amount of material weighing 
approximately a ton has to be removed. It was now decided to tackle 
this heavier part of the task and, as far as might be possible in the 
^ time, to carry the clearing right across the mouth of the cave to 
whatever might prove to be its inner or eastern limit. 

For the first three weeks the Attack concentrated on the upper 
lK)rtions of the cave-filling, the extreme top being demolished by a 
successful piece ot blasting which brought down some eighty tons. 
The ultimate aim being to open up the floor outwards from a line 
running parallel to the mouth about eighteen , feet from it, it was 
necessary to cut back the higher portions of the detritus to the extent 
of another ten or twelve feet, so as to provide some sort of slope, and 
thus minimise the result of sudden downfalls. This was done without 
revealing either the true back of the cave or the supposed chimney 
through which the clay and rock-rubbish, otlier than >vhat is due to 
roof-collapse, must have, descended. It may be noted, however, that 
a tentative eicAvation the further or ^ into 
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which the We p^Watea brought to light a coStsiderable fissure, 
about twenty feet higher than the level of what is to be seen of the 
cave-roof; and this may very well turn out to be the upper end of this 
hypothetical funnel. For the rest, these topmost parts of the cave- 
filling proved to be absolutely sterile, with the single curious exception 
that right at the back of the cave, some thirty-five feet above the floor, 
a piece of bone was noticed to jut out When this was with some 
difficulty rescued from its rather inaccessible position, it was found 
to have all the appearance of extreme antiquity, and is probably 
assignable to Bos. Presumably, therefore, it is contemporary with 
the cave-filling, and came^down therewith from above. 

It was calculated that it would be just possible with two months' 
work to carry a clearing about eighteen feet broad right across the 
mouth of the cave to its eastern side-wall, since its upper and visible 
portion, distant about thirty feet from the opposite side- wall, showed 
a perpendicular drop which might be presumed to extend indefinitely 
downwards. On April 8, however, it was discovered that this wall, 
along the whole breadth of the eighteen feet in process of cleamnce, 
was undercut, at a point about sixteen feet above floor-level, by a 
rin-ther cavity. To judge by the narrow section opened up, there is 
not less than twelve feet of additional penetration to l)e reckoned with 
on this side. Shielded as it is by its lower roof, this annexe would 
appear to be at once remarkably dry and free from shattering falls of 
rock. Thus it offers conditions more favourable to the preservation 
of bone than the high-domed cave on which it borders, and would be 
an ideal place in which to come upon human remains. This discovery 
led to a modification of the original plan, the breadth of the clearing 
being reduced to about ten feet, so as, consistently with thorough 
exploration of the portion of floor uncovered, to stretch forth a 
‘ feeler ' in this tempting direction. Nothing short of a fresh bout 
of excavation, however, supported by a grant no less substantial than 
the last, will enable the Committee to cope with this unexpected 
lateral extension of the main cave; not to speak of the rearw’^ard parts 
of the cavern which are likely to prove more or less prolific also. 

In proceeding towards the eastern wall it was at first impossible to 
note any stratification in the gradually thickening floor owing to the 
large blocks distributed through it. At about twenty feet, as measured* 
from the w^estern side, there was, for the first time, clear evidence of 
some sort of stratification. For three feet above floor level there was 
a bed of thick ashes of a deep black colour. Above for about one 
foot succeeded an almost completely sterile layer. Then, for another 
two feet, occurred frequent implements in a layer of brownish clay, 
interspersed with slight traces of a darker matter. It was at first 
thought that the implements of the lower layer were rougher, and 
that, in particular, the typical Mousterian * point * was absent. Sub- 
sequent observation, however, controlled by careful segregation of the 
finds from each layer, failed to bear out this view, some of the, 
finest points (one of them, however, being worked on both sides, and 
in this way suggesting an older style of manufacture) being found in 
the lower bed. Of course a more detailed examination of the products 
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Acknowledgments. 

The Chairman, Dr. R. R. Maretfc, directed operations from 
Marcli 21 to April 22, inclusive, the Secretary, Colonel Warton, 
assuming responsibility for the rest of the time. Nine members of, 
the Oxford University Anthropological Society, including Dr. P. C. S. 
Schiller and Mr. W. McDougall. P.R.S., took an active part in the 
work, while there were also many local helpers, most of them 
members of the Socie^W Jersiaise. Special thanks are due to Mrs. 
Jlriard for .the use of her car and for her personal assistance in the 
inij^rtant matter of transport; to Mrs. CoHart and Miss Bayly for 
their help both in finding and in dealing twith the finds ; to Mr. G. de 
Gruchy, the proprietor of the site, who helped in the actual wwk 
of excavation for about a fortnight; to Captain A. IT. Coltaiii (Exeter 
College), who actively superintended the work during its final stages, 
and took a leading part in arranging the material at the Museum ; to 
Mr. B. de Chrustchoff (Ijincoln College), wdio for a month inhabited 
a small cabin upon the site itself, and acted as custodian of the 
treasure ; to Mr. T. B. Kiitredge (Exeter College), who was constantly 
at work for a month, and afforded great assistance in every way; 
to Mr. Emile Guiton, of the 8001014 ^ Jersiaise, wlio acted as photo- 
grapher-in-chief; to Mr. Joseph Sinel, curator of the Museum of the 
Soci^‘t6 Jersiaise, who took efficient steps to secure the preservation of 
the osteological remains; and last, but not least, to Dr. Smith Wood- 
ward and Dr. Andrews, of the British Museum, for the determinalion 
of the fauna represented by these remains. 

Future Policy. 

The Committee wishes to apply to the British Association for a 
grant of not less than the sum pi’oviously given, in order that the 
w'ork may be continued w^ithout delay.- It is well-nigh a certainty 
that a rich store of remains awaits excavation, and, indeed, that it lies 
exceedingly near to hand, more especially along the eastern side, 
where the hearth deposits are particularly rich. Any such gi-ant will 
be devoted entirely to the work of removing the debris. All incidental 
expenses will be met by local contributions, as in the present case. 


The Production of Certified Copies of Hausa Manuscripts.— 
Report of the Committee, comisting of Mr. E. S. Hartland 
(Chairman), Professor J. L. Myres (Secretary), Mr. W. 
CROOKE/and Major A. J. N. Tremearne. 

The sum of 201. , placed at the disposal of the Committee in 1912, 
has been expended in payment of the printer. 

Copies have been presented as follows: To the Committee for 
Anthropology, Oxford; the Syndicate for Anthropology, Cambridge; 
the Imperial Institute; the London School of Economics; rEcole 
d'Anthropologie, Paris; the University Library, Berlin; the India 
Office Library; jExeter College, Oxford; Christ’s College, Cambridge; 
King's College, London; and to various missionary and other, relj^ous 



OK t!H« PBODOOTION OF CERTIFIED COPIES OP HAUSA MSS. 236 

societies where texts in Hausa will be accessible and useful to students. 
The usual copiei have also been deposited in pursuance of the Copy- 
right Acts. There remain three copies in hand which the Committee 
■ hope to distribute in a similar way shortly. 


The Prehistoric Civilisation of the Western Mediterranean . — 
Report of the Committee, consisting of Professor W. Ridge- 
way (Qhairman), Dr. T. Ashby (Secretary), Dr. W. L. H. 
Ddckworth, Mr. D. G. Hogarth, Sir A. J. Evans, and 
Professor J. L. Myres, apjwinted to report on the present 
state of knowledge of the Prchislorie Civilisation of the 
Western Mediterranean with a view to future research. 
(Drawn up by the Secretary.) 

OuB knowledge on this subject has made considerable progress in 
recent years, though one of the main hypotheses — that of the advance 
of the so-called ‘ Mediterranean ’ race (to which several scholars 
attribute the megalithic civilisation of the end of the Neolithic and 
the dawn of the Bronze Age) from North Africa— has yet to be tested 
by further research in TripoHtania and Cyrenaica, which we may hope 
that Italian archffiologists will shortly be able to undertake. In the 
meantime, the megalithic remains of Malta have been studied to 
some extent by the British School at Rome, though more work might 
bo profitably undertaken there ; a considerable number of dolmens are 
now known in Sardinia ; and a new group of them has recently been 
found in the neighbourhood of Bari, in the south-east of Italy. 

It would be important to study the intermediate links in the chain, 
which seems to connect the megalithic civilisatioji of the Western 
Mediterranean with thaA of our own islands : and the dolmens of 
Spain and Portugal might with some profit be further examined. 


The Teaching of Anthropology.— Report of the Committee, con- 
sisting of Sir Richard Temple (Chairman), Dr. A. C. Haddon 
(Secretary), Sir E. F. IM Thorn, Mr. W. Crooke, Dr. C. G. 
Seligmann, Professor G. Elliot Smith, Dr. E. R. Marett, 
Professor P. E. Newberry, Dr. G. A. Auden, Professors T. H. 
Bryce, P. Thompson, R. W. Reid, H. J. Fledge, and J. L. 
Myres, and Sir B. 0. A. Windlb, appointed to investigate 
the above subject. 

The President of Section H, Sir Richard Temple,^ initiated^ a discus- 
sion at the Birmingham Meeting on the practical application of 
anthropolomoal teaching in Universities. A report of this discussion 
was printed in Man, 1918, No. 102, giving the President’s opening 
statement, extrabts from letters from distinguished admim^rators and 
ethnologists^ (uid an abstract of the speeches made by Sir Everam un 
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Thuni, Mr. W. Crooke, l.ieut. -Colonel Gurdon, Dr. lladdoii, Dr. 
Miirctt, iwd Frofc:^6ov 1\ TJioiii])son. 

A Conmiittee was appointed by the British Assoeiation for the 
purpose of devising practical measures for the organisation of anthro- 
pological teaching at the Universities in the British Islands. With 
this coimnillee was associated a coinmiltee appointed by the Council 
of the Eoyal Anthropological Institute. These coininiltees met in 
joint session at the Institute, under the chairmanship of Sir Richard 
Temple, and passed the following resolutions : ‘ (a) It is necessary to 
organise the systematic teaching of Anthropology to persons either 
about to proc;eed to, or actually working in, those parts of the British 
Empire which contain populations alien to tlie Britisli people, (b) Tlie 
organisation can best be d(?alt with by the collaboration of the Royal 
Anthropological Institute, the British Association, and the Universi- 
ties, with the support and co-operation of the Government, the Foreign 
Office, the India Office, the Colonial Office, and the Civil Service 
Commissioners, (c) It would be well for the organisation to take the 
form of encouraging the existing Scliools of Anthropology at tlie 
Universities and the formation of such schools where none exist. 
(d) As laboratories, a library, and a museum, reiulily available for 
teaching students, are indispcmsahle adjuncts to each scliool, it is 
desirable to encourage their formation where they arc not already in 
existence.’ 

By the courtesy of the Master and Wardens of the Worshipful 
Company of Drapers of . the C’ity of Tiondon, a conference to consider 
the findings and recommendations of the Joint (’oinniittee was held in 
the Hall of that Company on February 19, 1914. The President of 
the Conference was the Right Hon. the Fiarl of Selborne. A large 
number of representatives of various Home and Colonial Government 
Departments, Universities, Societies, as well as politicians, adminis- 
trators, and others, were [)resent or sent jitters of regret at their 
inability to be present at the Conference, arid expressing their sym- 
pathy with the purpose of tlie Conference. A full report of this 
Conference will be found in Man, 1914, No. 35. 

In November 1913 Sir Richard Temple addressed the Indian 
Civil Service students at Exeter College, Oxford. In February 1914 
he published a pamphlet entitled ‘ Anthropology a Practical Science, ’ 
which included his TBirmingham Address (1913), an Address delivered 
in Cambridge in 1904, and extracts from that given at Oxford (1913). 
In March addressed the American Luncheon Club, and also the 
Sphinx Club,, both mercantile institutions, on Anthropology in its 
‘ business * aspects. • And he has engaged to do the same at the 
Merchants' Luncheon Club at Hull. 

It has not yet been possible to place the findings of the Conference 
before the Prime Minister, whose time has been, and is still, taken up 
with urgent matters of State. An endeavour to secure an audience 
with the Prime Minister will be made wlien an opportune moment 
arrives. . 
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The Ductless Glands. ---Rejmt of the Committee, consisting of 
Professor Sir Edward Schafer (Chairman), Professor Swale 
Vincent (Secretary), Professor A. B. Macallum, Dr. L. E. 
Shore, and Mrs. W. H. Thompson. (Drawn up by the 
Secretary.) 

AFu. A. T. Cameuon has CjOntinucd his investigations on the presence 
and function of iodine in different tissues. Examination of the thyroids 
of the elasmobranchs Scyllhim canicula and Raid clavata gave positive 
results, thpse for female Scyllmm thyroids (1*16 per cent.) being 
higher than any previously reported.^ Examination of the thyroids of 
the dog-fisli Acanthias vulgaris, of the frog, of the alligator, and of 
the pigeon gave positive results, the variations found being traceable 
to variations in diet. Comparision pf the iodine content of thyroid and 
parathyroid tissue in the dog gave such marked differences as to 
warrant the assumption that the parathyroid is not concerned with the 
])roduction of iodine compou/Ads, and, therefore, as far as these are 
concerned, that there is $ differentiation of funclion between the two # 
glands.^ 

A wider investigatioi^as shown, in comparison with data previously 
published by others, tS\iodine is an almost invariable constituent 
of all organisms, plant IWfSijnimal, the amount depending on the diet 
and medium of the organism. Whh higher development there is greater 
specificity of the tissue concerned in storing iodine, until in the 
vertebrates no tissue except thyroid contains appreciable quantities. 
Thymus especially has been examined in a large number of species, 
with negative results. All normal thyroids contain iodine, the amount 
varying with the diet, and between the limits O'Ol and I'l per cent, 
(dry tissue). Other observers have shown previously that sponges and 
corals (besides many algaa) contain quantities of iodine comparable with 
that in the thyroid. Three other types of tissue have been found in 
marine organisms which contain amounts of iodine over 0*1 per cent, 
(dry tissue) viz. : the horny tubes of Eunicid w^orms, the external 
cutaneous tissues of the ‘ foot ' of (he horse-clam, and the test of a 
tunicate. Further work will be carried out to determine the type of 
iodine compound in these tissues, with a view to throwing further light 
upon the type of iodine compound in the thyroid. The above results 
are in course of publication. 

Mr. Cameron is also engaged in work on the effects of feeding iodine 
compounds (and thyroid) on the amount of iodine present In the thyroid 
gland, with a view to determine tlie rate of increase or diminution. 
These results are not yet ready for publication. 

The Secretary has been engaged upon various problems connected 
with the ductless glands. The effects of varying conditions upon the 
histological structure of the thyroid and parathyroid have been investi- 
gated in a preliminary fashion, but the results are conflicting and 
difficult to interpret. The variations in structure in normal thyix>ids 


\ Bioehm. J., % 466, 1913. 


» J. Biol Chem., 16» 465, 1914. 
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are so grekt that the effects of feedings drugs/ Ac. i' cannot be suin-^. 
^ marised in a definite manner.* ; ^ ,C- V " 

The pharmacodynamics of different extracts have also been studied* 
Among other facts to which attention will be called in subsequen| 
publications it may be mentbned that large doses pf^adrianin by no 
means always interfere with the normal action ot^ffie vagU8> that* the 
rise of blood-pressure due to injection of adr^ih Sfof adwble nature, 
and that comparatively small doses of the last-mentioned drug 
frequently cause an unexpected fatal result in dogs. 

The effects of adreniii and thyroid extracts upon the activity of the 
vagus have led to an inquiry as to the effect of hormones upon 
vaso-motor reflexes, and owing to the unsatisfactory accounts given 
in the majority of books as to the actual facts in connection with these 
reflexes, it has been necessary to extend the inquiry so as to include 
a consideration of the vaso-motor reflexes in general. So far, the only 
hormone which appears to give any interesting results h the extract of 
pituitary, the effect of injection of the extract being to change the nature 
of the reflex, so that in cases where, for example, stimulation of the 
, central end of the sciatic produces a fall of blood-pressure, after 
injection of piUiitary extract a similar stimulation produces a rise. 

This work is nearly ready for publication. 

The Committee desire to be reappointed v: tl. a grant of 401. 


Calorimetric Observations on Man, — Report of the Committee ^ 
consisting of Professor J. S. Macdonald (Chairman), Dr. 
P. A. Duffield (Secretary), and Dr. Keith Lucas, appointed 
to make Calorimetric Observations on Man in Health and in 
Febrile Conditions, (Drawn up by the Secretary,) 

In furnishing a report upon the calorimetric work undertaken during 
the past year, it is necessary to refer to a paper published by Professor 
Macdonald and printed in the ‘Proceedings of the Royal Society,' 
B, vol. 87, 1913, and to a comrannieation to the Physiological Society, 
May 1014. The commencement of the first paper, containing a de- 
scription of the apparatus and of the method of procedure followed 
in these experiments, may be omitted here, since these have been in- 
cluded in previous reports of this Committee. The latter part, which 
IS the collected and digested results of a very large number of experi-. 
ments made upon a variety of individuals, forms large part of this 
report. 

The experiments all through have been carried out by Professor 
Macdonald with the apparatus and in the manner already described 
by himself in the earlier reports. The subject, shut up within the 
calorimeter, was made to perform a definite measured ampunt of 
mechanical work upon the cycle. The degree of work was varied Jn 
different experiments, and from the data of these heat-production 

* See discussion, Lancet, 1914 (March and April), hy Bell, McGarrison, 
Chalmers, Watson, and Vincent. 
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figures haye been oblaii^d which fall into four groups .corresponding 
to the grades of mechanical work done. It has teen found that these 
results may, be expressed by a constant multiplied by a function of 
the subject^% .^^^ varies with the. amount nf mechanical 

work pertd^^ ;iu theilifferent groups, le. '02, *03, *07 and *09 h.-p. 

Group A~Heat*production == KaW*^ 
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From these results it is evident that the weight becomes less and 
less of a handicap as the mechanical work increases. And, to carry 
this a stage further, the query arises as to the likelihood of the weight 
becoming a positive advantage at a still higher grade of mechanical 
work. 

Tlie communication to the Physiological Society contains a formula 
for one of the subjects cycling at a revolution rate varying from 40 
to 98 revolutions per minute, and performing external work against a 
brake varying in different experiments from 0 to 73 calories per hour — 

in Kals. per hour = Kals. per hour. 

The first part of the formula represents the heat-production associated 
with the rate of movement ‘ V,' and is the same no matter what the 
N alue of the external work performed by the movement. The second 
is the * coefficient of efficiency ’ multiplied by the external work done, 
and fully represents the heat-production associated with the perform- 
ance of external work. It will be noticed that this coefficient of 
efficiency is represented as varying inversely with the two-thirds 
power of the subject’s weight, and that the ‘ efficiency * which is its 
reciprocal therefore varies directly w’itli this value. This has been 
found universally the case in the data from all the remaining subjects, 
and explains the fact that in the heavier work experiments the results 
become independent of the subject’s weight, if consideration is paid 
to the other fact, also elicited from these data, that the heat-production 
associated with movements per se (irrespective of the mechanical work 
performed by them) varies, on the other hand, directly with the function 
of the weight. In fact the total energy transformation is the sum 
of the two factors, one due to the subject’s movements per se varying 
directly, the other due to performance of mechanical work in the 
course of these movements varying inversely as the subject’s weight; 
but in neither case in a simple linear fashion. The general formula 
given (Proc. Physio. Soc., Marcli 1914), is 

vw* , 66.8 . - 

0 , 87WV W* ^ 

The first fraction is probably expressible in the following form — 

K*V ' / ^ , 

KWV^*. where, is the natui’al rate due to the ‘pendular 
character ’ of the limb moYernents, and V is the particular rate 
imposed in each experiment. 
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Professor Macdonald also finds analogies between these results and 
those of walking experiments described by Douglas and Haldane in 
‘Phil. Trans.* B, ciii., p. 245. A full consideration of the matter will 
be found in a paper communicated, June 1914, to the ‘ Proc. Eoy. 
Soc.* on the ‘ Mechanical Efficiency of Man.* 

The section of the work dealing with the respiratory changes has 
also been continued during the past year. A number of experiments 
have been performed in which the jrespiralory interchange of a man, 
doing a measured amount of mechanical work upon a cycle in the 
calorimeter, lias been investigated. The calorimeter is ventilated by 
means of a stream of air drawn through it at a uniform rate by a 
pump and measured by a meter placed on the distal side of the latler. 
All three are connected by tubing, through which the air flows, and , 
the air as it leaves is sampled by suitable means every ten minutes. 
The samples thus obtained are examined by the gas-analysis apparatus 
devised by Dr. Haldane, and the carbon dioxide and oxygen percentage 
detennined. The carbon dioxide figures, when plotted against the lime 
on squared paper, take the form of a cur\e rising steadily to a horizontal 
asymptote. 

In order to understand tlie figures thus obtained it was obviously 
necessary to inquire into the question of stoi‘age of gases witliin the 
calorimeter, imd to do this a number of calibration experiments (17 in 
all) were made, in wbieh a stream of caihon dioxide, measured by a 
gas-meter and generated by a modification of the apparatus described 
in a paper by Young and Taudwell (* Soc. Cliem. Iml..* March 1907), 
was passed into the calorimeter at a uniform rate, and tlie ten minutes* 
samples examined in the manner described in the experiments on tlie 
human subject, .\tlempts were then made to discover the relation 
which exists between the curve of the carbon dioxide in the leaving air 
and that of the carbon dioxide introduced from the generating appara- 
tus; but so far the results appear so complicated that no definite relation 
has been arrived at. However, quite recently Mr. G. 11. lavens, M..\., 
Lecturer on Mathematics to the University, has rendered most valuable 
assistance towards solving this problem. A fairly accurate empirical 
fonnula has been obtained from the actual readings, but it is not of 
such good agreement with the theoretical formula as is desired, and 
furtlier experiment.s are being made to detect the cause of the dis- 
crepancy. 

Owing to the apfiearance of a considerable error in the readings of 
the large meter used for measuring the volume of the air-flow through 
the calorimeter, it became necessary to replace it by a water-meter 
supplied by Messrs. Parkinson and Cowan, Ltd. Also, a large number 
of tests were made, both in the Physiological Laboratory and througli 
the courtesy of the Sheffield Gas Company at thbir test-room, on the 
small meter which is used foi* measuring the volui^ of carbon dioxide 
introduced into the calorimeter in the calibratiojf experiments men- 
tioned above. I am now certain that the error in our estimation 
on these accounts is well under 2 per cent. 
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The Effect of Low Temperature on Cold-blooded Animals.— 
Report of the Committee, consisting of Professor Swale 
Vincent (Chairman) and Mr. A. T. Cameron (Secretary). 

(Drawn up by the Secretary.) 

Mu. A. T. Camebon has continued the experiments of Canieron and 
Brownlee on frogs communicated in the last report, and has arrived at 
tlio following conclusions: — 

(1) The death-temperature of R. pipiens from cold is -1*25^ ± 
0150 G. 

(2) There is no climatic adaptation, nor any periodic adaptation due 
to hibernation, in R. pipiem, 

(3) The cause of death is a specific temperature effect on the co- 
ordinating centres in« the central nervous system. Those controlling 
lung-respiration may be specially concerned. 

(4) Progs surviving degrees of cold such as those occurring during a 
Manitoban winter do so below the surface, near the margin of springs, 
and are themselves never subject to temperatures below the freezing- 
point of water. 

(5) There seems to be a slight variation in the deatii-temperature 
from cold, of different species of frogs, amounting to some tenths 
of a degree Centigrade. 

(6) Progs lieated rapidly to normal room-temperature from a tem- 
perature just below the freezing-point of their body-fluids (and not itself 
capable of causing death) are thrown into a peculiar hypersensitive 
condition, in which cessation of lung-breathing takes place for long 
periods. 

These results are deduced from experiments with R. pipiens from 
Manitoba, Minnesota, and Illinois, with R. claniilans from Minnesota, 
and with R. sphenocephala from C. Carolina. The experimental details 
will be published elsewhere. The Committee do not wish to be re- 
appointed. 


Mmers' Nystagmus.— Interim Report of the Committee, con- 
sisting of Professor J. H. Muirhead (Chairman), Dr. T. G. 
Maitland (Secretary), Dr. J. Jameson Evans, and Dr. 
C. S. Myers, appointed to investigate the Physiological and 
Psychological Factors in the Production of Miners' 
Nystagmus. 

Factors concerned: (a) Internal; central and peripheral, (h) External. 

Two features have long been admitted to be provoking agencies in the 
production of miners* nystagmus — an external factor, defective lighting, 
and an internal or peripheral factor, viz., muscular strain. The former, 
detective lighting, is found to be the more important, and our examina- 
tion led us to conclude tliat where this factor is in greatest evidence 
there we find the greatest incidence of cases. Miners’ nystagmiiS is 
a disease limited practically to coal-milling, and, further, it is associated 
with the use of lamps of small illuminating power, such lliiS Davy 
1914. R 
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or its modifications, so that it is rare, even in coal-mines, to find 
cases oi nystagnms where more powerful illuminants such as candles 
and electric lamps are \ised. Moreover, the great absorption of light by 
the coal-surface diminishes the illuminating value of the lamp employed. 
This absence of reflections from walls, floor, and ceilings interferes 
with clear visualisation, since direct rays are never so satisfactory as 
diffuse rays. The other factor mentioned above — muscular strain, 
especially of the elevators of the eyeballs — is also taken into considera- 
tion, notwithstanding the difference of opinion on the importance of 
this. Snell has collected several cases of nystagmus which, as in the 
case of compositors, has followed strain in this way, and we have 
ourselves found that there is a larger number of cases of minem* 
nystagmus associated with ‘ holing * than in any otliei* occupa- 
tion underground — under conditions, therefore, which demand an 
awkward posture with straining of the head and cyos. Other sources 
of peripheral irritation are opacities of the media, errors of refraction, 
pigmentary and other ocular defects, which tend to produce or aggravate 
nystagmus by either modifying illumination or by causing muscular 
strain or by interfering with the direct rays on the fovea. 

Taking all these factors, however, into consideration — factors which 
are generally acknowledged — the fiK't remains that, working under 
similar conditions of illumination and strain, a large ])ercentago of 
miners do not develo)) nystagmus, and it is our objec*t to find out what 
is the decisive factor. Admitting Ihe external factors in those wlio 
develop nystagmus to he more Or less constant, admitting the occa- 
sional possibility of periplieral factors such as those above mentioned, 
there remains some factor unaccounted for which explains the selection 
of certain miners for this trouble. At this stage of our inquiry, how- 
ever, we investigated what seemed to us a neglected field — the lelative 
sensibility of tlic retina in the fovoal and in the perifoveal I’cgions — 
and for this reason. Hie peculiar modifications wliich the dark-adapted 
eye undergoes might bring about a still further interference with the 
illumination by a reactive function on the part of the percipient. 

A consideration of the conditions of work in the coal-mine sug- 
gested very strongly the importance of tlie possession by the miners 
of delicate vision sensibility. Before dark- adaptation could he fully 
developed the miner at liis first entry into the pit would have to 
strain his vision under the most trying circumstances to avoid roof 
obstacles as he made his way to his work. Such a strain would display 
itself in the muscles chiefly involved, such as the elevators of the 
eyelids and of the eyes. It is interesting clinically to find the initial 
symptom complained of is a heaviness of the lids. 

At work on the coal-face the miner wuth his eyes on the coal- 
surface would be subjected only to a few reflected rays from smooth 
facets of coal and some little diffused light from the coal-surface 
generally. Very dim light would bring out the latent differences in. 
the visual sense, such as the differences of acuity between foveal and 
perifoveal vision. If the rays were too feeble to excite foveal sensation 
they might yet stimulate perifoveal sensation. 

Our theory regarding this particular feature of the eye was that a 
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perifoveal sensation, in the absence of foveal sensation, or a perifoveal 
sensation of greater intensity than a foveal sensation, would excite 
a fixational or movement reflex. This would bring the exciting point 
in the marginal field on to the fovea, and would then either cease 
altogether to excite sensation or would be so diminished in intensity 
as to lay the eye open again to marginal stimulation. With a central 
stigma, a neurasthenic diathesis, there would be present all the material 
for the development of a habit spasm. 

A large number of observations were made on students, assistants, 
and ourselves with a piece of apparatus described^ in the appendix. 
This apparatus was arranged to present a spot of light the intensity of 
which was controllable. The open eye was directed on this spot while 
the room was in full daylight, and then the room was suddenly plunged 
into darkness. At the end of five seconds the subject was examined as 
to his ability with direct vision to perceive this faintly illuminated spot, 
its intensity rapidly altered until the subject was only just able to per- 
ceive it. The time for this, the minimum visibile, usually took about 
five seconds, and the degree of illumination was remarkably constant in 
all these cases, so much so that we were able to fix on this degree of 
light intensity as our zero. The direct vision was contrasted with 
indirect vision, the subject being directed to look slightly away from the 
spot of light, which at once appeared to become more vivid. The inten- 
sity was then diminished until here again the spot was only just dis- 
cerned, and so we obtained a minimum vision visibile for indirect or 
perifoveal vision. 

At intervals of two and a half minutes the minimum visibile was 
estimated for both fovea and perifovea, and we were able to represent 
in graj)]uc form the increasing sensibility of the retina to faint illiunina- 
tion. fn general the dark adaptability of fovea and perifovea increased 
rapidly up to the end of half an hour, less rapidly up to the end of two 
hours ; arriving then at its maximum sensibility it remained stationary. 
The perifovea throughout this development of dark adaptation not only 
retained its primaiy advantsige, but slightly increased that advantage up 
to tlio limit of change. In our experience in the coal-mines we never, 
however, felt that the maximum amount of sensibility was ever in 
demand, and while the light was indeed feeble enough to be exces- 
sively irritating to our unaccustomed eyes, yet nowhere did we find 
working conditions approaching our experimental conditions. Was the 
miner’s eye differently equipped from our own, did it possess a greater 
adaptability through use and habit? 

This led to an examination of the dark-adaptability of miners who 
had been afflicted with nystagmus, and here we found without exception 
a totally unexpected condition, yet one which now rendered plausible 
our fixational hypothesis. Instead of finding a greatly increased adapt- 
ability as a result of long use and cultivation of the eye in the dark, 
we found that in this respect, it was greatly inferior to the ‘ normal ' eye. 
In the first place the ‘zero ’ was not perceived until after about five 
minutes of exposure to the dark, and then once perceived it remained 
without an appreciable development through the two hours' experiment. 
This peculiarity on the subjective side amounted to the same thing in 
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ils effects as a modification of the external factors of the illumination* 
so that the .differences observed in the normal eye, under the experi- 
mental condition described above, might in the case of the miner coine 
ihio Oj)eration under the condition of his work owing to the altered 
sensational values following retinal insensitiveness. The fact is that 
the theory of ‘ fixational reflexes ’ might yet be true of the behaviour 
of the miner’s eye in the coal-mine. 

The conclusion of the research so far then seemed more and more 
to lay stress on the one well -recognised agency, that of illumination, and 
that insensitiveness of the retina really amounted to the same thing 
as an absolute decrease in the illuminant. 

There remains for examination the actual excursion of the eye, and 
an examination into the nervous system of tlie afflicted miner. 

Since this was written an examination of unaffected miners has l>oen 
made, with the result that there is no appreciable difference l)etween 
their dark-adaptahility and what we describe as the normal. 

Thv Apiit^ratus for rstimnting thf Minimum TAtjht Semihility tn the Proreen of 

Darh-adaptation. 

Tt consists of an oblong box. the front of which is pierced by a round hole 
with a diameter of 20 mm., which is covered by an opal disc. At the back of the 
box exactly facing this aperture is a sheet of white paper which reflects light 
thrown upon it on to the disc. At the side of the box is another aperture into 
which a tube nearly 2 m. long fits. This tube carries within it a small 2-volt 
lamp which can be moved quite freely from end to end. The light from this 
lamp is thrown on a mirror so placed that it reflects this light on to the sheet of 
paper, whic^h then reflects it on to the disc. It w'as only in this way the light 
could be sufficiently dimini.shcd to obtain marginal stimuli. 

After a number of experiments w’e arbitrarily decided upon our zero—that is, 
the light that could be only just perceived flve seconds after the room w'as 
plunged ill darkness. At intervals of two and a half minutes the subject was 
tested again, and the lamp was gradually moved away from the box until the 
subject failed to perceive the disc. 


The Investigation of the Jurassic Flora of Yorkshire. — Report 
of the Committee, consisting of Professor A. C. Seward 
{Chairman), Mr, H. Hamshaw Thomas (Secretary), Mr. 
Harold Wager, and Professor F. E. Weiss. 

This year attention has been concentrated on the plant beds on and 
near Roseberry Topping, North East Yorkshire, more especially on the 
Thinnfeldia beds. A careful search was made for the reproductive 
structures of Thinnfeldia, and this was rewarded by the discovery of 
numerous associated seed-like bodies, whose structure has yet to be 
investigated, and which may, perhaps, prove to belong to this 
plant. A new example of a Williamsotiiella fldwer-bud was found, 
which is of interest in greatly extending the range of this form. Some 
fruits and seeds, probably referable to the provisional genus Caytonia, 
were also discovered, though they were previously known only from 
Gristhorpe. One or two new forms were found, and many duplicates 
of the more interesting species were collected. It is not proposed to 
continue fleld-work and collecting in the future on the same scale as 
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during tiie past three years until the existing collections have been 
fully investigated, 

The Committee does not seek re-appointment. ' 


llie Vegetation of Ditcham Park, Hampshire.— Interim Report 
of the Committee, consisting of Mr. A. G. Tanslby (Chair- 
man), Mr. B. S. Adamson (Secretary), Dr. C. E. Moss, and 
Professor K. H. Yapp, appointed for the Investigation thereof. 

Since the date of the last report a large number of experiments have 
been carried out with evaporimeters. Especially, a large series of 
simultaneous readings have been taken, covering a considerable period, 
from instruments placed in various positions in beech-woods, coppices, 
and in open grassland. Several of the results suggest further lines of 
experimentation and research, but a much larger number of readings 
must be obtained before any generalisation can be enunciated. The 
evaporimeter readings have been run concurrently with a series of 
readings of wet and dry bulb therinonieters, and also of maximum and 
niiiiiaium thermometers which have been placed in association with the 
evaporimeters. 

The work on soils has commenced, but so far lias been mainly 
preliminary. Experiments have been made on soil temperatures, 
espe<’ially in relation to exposure, drainage, woodland canopy, 

The general preliminary mapping of the various associations com* 
jx>sing the area has l>een completed, and an analysis of them has been 
made from the topographical and lioristic standjwints as a basis for 
experimental work in the coming season. In this connection special 
attention has been paid to the successive changes occurring after 
coppicing till the re-forming of the full canopy, and also to the ciuestion 
of the recolonisation by trees of cleared areas and grasslands. Data 
have been collected which serve as a starting-point for a more detailed 
study. 

The areas enclosed against rabbits. Ac., have also been under 
observation, and the changes CKTurring have been examined and 
recorded. 

The Committee asks to be reappointed, without a grant. 


Experimental Studies in the Physiology of Heredity. — Report of 
Committee, consisting of Professor F. F. Blackman (Chair- 
man), Mr. B. P. Gregory (Secretary), Professor W. 
Bateson, and Professor F. Keeble. 

Tiii^ grant of 30/. has been expended in part payment of the cost of 
cx}^riments conducted by Miss E. R. Saunders, Mr. K. P. Gregory, 
and Miss A. Gairdner. Miss Saunders' experiments with stoc*ks have 
had for their main objects 

(1) The investigation of the condition known as half-hoariness and 
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its relations to the glabrous and fully-hoary forms. A new half-lioary 
race, which has been obtained after some difficulty, has made it possible 
to^esign a complete series of experiments, which is how in progress. 

(2) The further study of the gametic coupling already shown to exist 
between the factors for double-flowers and plastid-colour. This in- 
vestigation promises to give results of great interest, but a further 
generation must be raised before a statement can be made. 

(3) A lesult of some interest is the discovery that the double- 
flowered plants, at least in some strains, have a more rapid and vigorous 
growth than the singles. It is thus possible, by means of selection 
based on this difference, to obtain a far higher percentage of doubles in 
the flower-bed than would be expected from the normal output of 
doubles by a double-throwing single. 

(4) A beginning has also bc^en made with the work of obtaining a 
complete series of types of known factorial constitution, so that a supply 
of material may be available for testing the view which has been pul 
forward as to the inter-relations between the factors determining lioari- 
ness and sap-colour. 

Experiments w’ifh foxgloves have been (Icsigned for the investigation 
of a curious condition of partial lioariness, as w^cll as for observations 
on the range of variability in the heptamlra form. 

Experiments by Mr. Gregory with Prinnda wiensis have been 
designed chiefly with a view^ to the investigation of llie cytology and 
genetics of certain giant racers, wlikli liave been shown to he in the 
tetraploid condition; that is to say, they have 4.r (48) eliromosoinos in 
the somatic cells and 2x (24j ehroinosomes in the gametic cells, wdieroas 
in the diploid races the numbers are 2.f (24) and x (12) respectively. 
These experiments liavc given results of very great interest, w’hich may 
be briefly summarised by saying that the reduplication of the chromo- 
somes has been found to lx* accompanied by a reduplication of the 
series of factors. An account of this w^ork has been published in the 
‘ Proc. Eoy. Soc.,’ B., Vol. 87, p. 484, 1914, and it is hoped lliat a 
further statement will l>e made at the meeting of tlie British Association 
in Australia. Further experiments with these tetraploid plants are 
designed especially to investigate the phenomena of coupling and repul- 
sion bctw'cen certain factors. These experiments promise io yield 
result’s of very great interest, both as regards the genetics of tetraploid 
plants and as regards cytological theory as to the ix)ssible relations 
between factors and chromosomes. 

In the experiments with the ordinary diploid races, an interesting 
case has been discovered in which the coupling between the factors for 
magenta and green ’stigma is on the system 7:1; whereas in a very 
large number of other experiments the coupling (or repulsion) between 
these factors is of a very low order, apparently loss Uian 3:1. 

A paper is in the course of preparation, and will shortly be 
published in the ‘Journal of Genetics, ‘ on the inheritance of green, 
variegated, and yellow leaves in Primula. The varicgatexl plants consist 
of a inos:i/c*of kinds of cells, respectively like those of the pure 
green anu tpiire yellow-leaved plants, characters of the chloro- 

plasts, on which greenness and yellowness depend, hav^ been found to 
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be inherited through the egg-cell only, the male gamete playing no part 
in determining the nature of the offspring in respect of these characters. 

The experiments of Mr. E. P. Gregory and Miss Gairdner on the 
inheritance of variegation and other characters in TrojXBolum have Keen 
continued. It is hoped that sufficient data will have been gained by 
the end of the present season to permit of the publication of an account 
of this work. Present results indicate that in Tropceolum variegation 
is inherited in the usual way from both the father and the mother, and 
is a Mendelian recessive character. Other characters in Tropaolum 
which are being studied are those of colour and habit (dwarf or trailing). 

The experiments on the gynandrous variety of the Wallflower and 
its relation to the normal type arc nearing completion, and it is hoped 
that an account of them will be published next year. 

The Committee ask for reappointment with a grant of 45/. The 
expenses of these experiments involve an annual outlay of about 110/. 
to 120/. By far the largest item in this expenditure is the cost of 
labour, which has increased during the last few years with the general 
rise in wages which has taken place. Other important items are those 
of the rent of the garden and the cost of heating the Primula house. 
During the present year Miss Saunders and Mr. Gregory jointly receive 
a grant from the Royal Society of 60/. in aid of the cost of this work. 


Breeding Experinmits with CKnotheras.— Report of the Com- 
mitiee, comisting of Professor W. Batkson (Chairman), Pro- 
fessor h\ Kkkblk (Secretary), and Mr. R. P. Grkoorv, 
appointed to carry out the Experiments, 

The Committee have received the following Report from Dr. R. R. 
Gates on the exj)erinient8 wliich he has made : — 

‘ The grant of 20/. made by the British Association for CEnothera- 
breeding has been applied to the expenses of these experiments during 
the last year. In the season of 1913 about 10,000 plants w^ere grown, 
representing a great many races and hybrids of Qi noth era. The plants 
were grown at Eothainsted on a two-acre plot set apart for the purpose. 
They developed very successfully, nearly every individual reacliing 
maturity. The largest series of hybrids were the Fj from CE. grandi- 
flora, (E. rubricalyx and its reciprocal, and the F^ of crosses between 
(E. grandifiora and CE. Lamarchiana, The F, generation of the former 
cross confirms and extends the results of the F^ and F, generations 
already published in * Zeitschr. f, Abst. u. Vererb.,’ vol. xi. They 
show in particular that both blending and alternative inheritance of 
characters occur. Some of the plants, which have been examined 
cytologically in conjunction with Miss Nesta Thomas, further emphasise 
the fact that mutation and hybridisation in CEnothera are separate 
processes, both of which may go on together. Some of ^hese results 
Yfill b^ incorporated in a book now in preparation. * 
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The Renting of Cinchona Botanic Station in Jamaica. —Report 
of the Committee, consisting of Professor F. O. Bower 
(Chairman), Professor R. H. Yapp (Secretary) , Professors R. 
BcIiIjEr, F. W, Oliver, and F. E. Weiss. 

The Committee has met twice. The negotiations with the Jamaican 
Government are progressing favourably, the Committee having been 
assisted by the advice of Sir David Prain. There is every prospect of 
the house and buildings being let to the Committee on an annual tenancy 
to commence from October 1, 1914, at a rent of 251. There has, 
however, been considerable delay, partly owing to the long posts, partly 
to the progress of papers through official channels. 

As no agreement has yet been signed the grant of 251. has not 
been drawn. But in view of the prospect of negotiations being com- 
pleted on the terms above stated, the Committee ask that they may be 
reappointed, and lliat the grant of 25/. be carried over to the ensuing 
year as an unexpended balance. 


Mental and Physical Factors inrnhed in Education. — Report of 
the Committee, consisting of J)r. 0, S. Mvers (Chairman), 
Professor J. A. Green (Secretary), I’rofessor J. Adams, Dr. 
G. A. Auden, Sir Kdw.ard Bhabrook, Dr. W. Brown, 
Professor E. P. Culvbrwrll, Mr. G. F. Daniell, Miss B. 
Foxlev, Professor R. A. GREfiORV, Dr. C. W, Kimmins, 
Professor McDouoall, Drs. T. P. Nunn, W. H. R. Rivers, 
and F. C. Shrubsall, Mr. H. Bompas Smith, Professor C. 
Spe.\bman, Mr. A. K. Twrntyman, and Dr, P\ Warner, 
appointed to inquire into and report upon the methods and 
results of research into the Mental and Physical Factors 
inrolred in Education. 

The Committee has to report the retirement of its Chairman, Pro- 
fessor .J. J, Findlay, and the election of Dr. (\ S. Myers in his place. 

They have been engaged in collating the data which was pro- 
visionally reported upon at Birmingham, and hope to present the 
results in a definite form for the Manchester Meeting in 1915. The 
('ommittee asks to be reappointed, and applies for iv grant, of .lO/.. 
to include the unexpended balance from this year’s grant. 


Influence of School-books upon Eyesight. — Interim Report of 
the Committee , consisting of Dr. G. A, Auden (Chairman), 
Mr. G. F. Daniell (Secretary), Mr. C. H. Bothamley, Mr, 
W, D, Ecoar, Professor R. A. Gregory, Mr. N. Bishop 
H.ARMAii^ Mr, J, L. Holland, and Mr. W. T. H. Walsh. 

In previous reports (1912 and 1913) reference was made to the injurious 
effect of shiny paper, in particujar to the interference with binpculiar 
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vision which may result from excess of specular reflection. The 
Committee is investigating the proportion of specular to diffusive 
reflection in the case of books and writing-papers used in schools, and 
has received valuable assistance from Mr. A. P. Trotter, who has 
devised a gloss-tester. The Committee desires to continue this investi- 
gation in the hope of arriving at an objective standard the adoption of 
which would prevent injury to eyesight through the use of glossy paper, 
and therefore asks to be reappointed with a grant of CjI. in addition to 
the unexpended balance of last year’s grant. 


Muacumft. — ReporL of the Committee, consisting of Professor 
J. A. OuKEX (Chairman), Mr. H. Bolton and Dr. J. A. 
Clubb (Secretaries), Dr. Bather, Mr. E. Gray, ^[r. M. D. 
Hill, Dr. W. E. Hoyle, Professors E. J. Garwood and 
P. Newberry, Sir Richard Temple, Mr. H. H. Thomas, 
Professor F. E. Weiss, and Mrs. J. White, appointed to 
examine the Character, Work, and Maintenance of Museums, 

The f’ominillGe rc^port that a detailed schedule of inquiry uix>n 
Museums has l)een drawn up and ju'esented to the House of Lords hy 
liord Kudeley. It is liopcd tliat the schedule will l)e issued by the 
Boanl of Education, and tliai the information obtained will be available 
for the purposes of I he C\)mmittee. Opinions and reports have been 
obtained upon various sections of miiseuni wwk and their relation to 
various divisions of Education. Other inquiries of a similar nature 
are also being made. Offers of assistance have been received from the 
American Association of ^luseunis. l\vo members of the Committee 
will exnjninc overseas museums during their journey to and from 
Australia and report, 

A deputation will report ii]X)n the educational work of Museums 
in France. 

The following questions are receiving s^x^cial consideration: — 

The requirements of (1) students; (2) school children; (fl) general 
visitors to museums. 

The Committee ask to he reappointed with a grant of 30/., includ- 
ing the balance, 7/. fKs. 2d., of last year's g!*nnt, now in hand. 
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On Salts Coloured by Cathode Rays. 

By Professor E. Goldstein. 

[Ordered, on behalf of tho General Committee, to be printed in extenso.] 

Perhaps a part of the phenomena which I am about to discuss is 
already familiar to you all. I shall not bring forward many hypo- 
theses. So you will perhaps ask why I should speat at all. And, 
in fact, apart from reference to ct'rtain facts not published hitherto, 
my intention is mainly to invite, the interest of men younger and alder 
than myseli in a class of phenomena which seem to constitute a new 
condition of matter, but on which very few have yet worked. 

If cathode rays fall on certain salts — for example, common salt, or 
chloride of potassium, or potassium bromide — vivid colours are pro- 
duced immediately on these salts.' Thus common salt becomes 
yellow-brown (like amber), potassium chloride turns into a beautiful 
violet, potassium bromide becomes a deep blue colour quite like copper 
sulphate. Here you see a specimen of common salt transformed in 
this way on the surface of' the single crystals into a yellow-brown 
substance, I show also sodium fluoride, which takes a fine rosy 
colour. 

The colours so acquired in a vcrj" small fraction of a second may 
be preserved for a long time, even for many years, if the coloured 
substances are kept in tlie dark and at low temperatures. But in 
the daylight, and also under heat, tlie colours will gi'adually disappear 
till the original white condition is readied again. 

The colours of different salts are sensitive to heating in a very 
different degree. I could show you the yellow sodium chloride, pre- 
pared 48 ome mouths ago in Europe, but I cannot show you here the 
violet KCl and the blue KBr, because these colours, even in the dark, 
do not stand the heat of the Equator. The same salt, if dissolved, ' 
may keep very different colours, according to the medium in which 
it has been dissolved, even wlieu the pure medium itself cannot be 
coloured at all by cathode rays, I am speaking of solid solutions, 
produced by fusing a small quantity — for instance, of common salt 
or of certain other alkali salts—together with a great mass of a 
salt which remains itself colourless in the cathode rays, as, for example, 
the pure potassium sulphate. Lithium chloride acquires a bright 
yellow colour in the cathode rays; but if dissolved in potassium sul- 
phate a lilac hue is produced, as you may see in this specimen. Like* . 
wise the pure carbonate of potassium acquires av reddish tint, but 
after dissolving it in the' potassium sulphate it becomes, a vivid green 
in the cathode rays, as you see here. . ' > 

Very small admixtures are sufficient to produce inietise colours. 
So 75 W carbonate will produce the green colour in the ^tasflium 

1 E. Goldatein, Wiedem. Ann* 64, 371 $ 60, 491 ; Phve* Zeitechr* 6. BUzung^^, 
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sulphate; even gives a marked colour, and an amount of 

certain admixtures, whicn T estimated as only, may produce 

a slight but quite perceptible colouration in some salts. So if you 
work with potassium sulphate which you obtain from chemical fac- 
tories guaranteed as chemically pure, you may observe a set of 
different colours in these preparations under the cathode rays, by 
which you will detect the nature of the different small ad- 
mixtures which adhere to the pretended pure preparations of the 
different factories. In this way a new analytical proof, much more 
sensitive than the ordinary chemical methods, is obtained, and im- 
purities may be detected even when a certain specimen of salt contains 
more tlian a single impurity, because the colours produced by different 
admixtures generally disappear with different speed in the daylight or 
under rise of temperature. For instance, the ordinary potassium 
sulphate turns to a dark gray with a slight greenish tint at first. 
After a sliori wlnle the very sensitive gray will disappear, simply under 
the ordinary temperature of the laboratory room, and a vivid green 
comes out. The gray hue indicates a very small amount of sodium 
chloride, or so, and the remaining green indicates the admix- 

ture of a carbonate. Here are some preparations of potassium sul- 
phate each containing a single small admixture (K2CO3, LijCOg, 
LiCl, KOI, KBr). You will notice how different are the colours of 
the originally white substance, varying from green to bluish gray, ash- 
gray, grayish blue, and violet. 

By fractional crystallisation one may finally get a really pure pre- 
paration of potassium sulphate, which is no longer coloured by 
cathode rays (or only in a very slight degree, indicating minimal traces 
of sodium chloride). But there are other preparations which, so far 
as I knows cannot be acquired in pure condition by any means, not 
even by fractional crystallisation. I never came across a pure sodium 
sulphate — ^the j)urity exists only on the manufacturers’ labels. Even 
the best preparations of this salt contain an amount of sodium car- 
bonate which up to the present cannot be separated from it, not 
""even by frequent fractional crystallisation. The colour produced by 
the small admixture, which always remains, is a very marked ash- 
gray. By an intentional further addition of sodium carbonate the 
colour becomes nearly black. 

The question arises : What may be the cause of these colourations 
in pure salts and also in solid solutions of them? Shortly after the 
colours of the alkali salts had been discovered, an explanation was 
given*, according to which the phenomenon mainly consists in a 
chemical reduction. For instance, in the case of potassium chloride 
the chlorine would be set free, w^hile the remaining potassium is dis- 
solved in the unaltered main quantity of the salt, colouring it at 
the same time. And it seemed a convincing proof for this theory 
when Giesel* and also Ki*eutz, simply by heating rock salt in the 
vapours of sodium or of potassium, produced colours in this rock 
salt quite similar to those produced by cathode rays. It seemed that 

‘ ; * E, Wiedemann and G. C. Schmidt, Wied, Ann, 64, 618. ^ 

• E, Oiesel, Her. D. Chem, 0e9, 80, 160. 
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the problem was settled finally. However, it was soon discovered 
that the coloured Oiesel salts, although they look to the eye quite 
like the cathode-ray salts, in all other respects behave quite differently. 
For instance: — 

(1) Tlie cathode-ray salts, as I mentioned before, are very sensitive 
to daylight: after an exposure to diffuse daylight of a few minutes — or 
in some salts even of several seconds only — ^the colouration diminishes, 
whilst the Giesel salts remain unaltered even when they are kept in full 
sunshine for days or even weeks. 

(2) The cathode-ray salts, if dissolved in distilled water, show 
absolute neutral reaction ; the Giesel salts are strongly alkaline. 

(3) The cathode-ray salts give very marked photoelectric effects (as 
Elster and Geitel ‘ observed) ; the Giesel salts are quite ineffective. 

(4) Under certain circumstances, which will be mentioned further 
on, the cathode-ray salts may emit a phosphorescent light, the Giesel 
salts none at all. Therefore the qiu'stion arose again, whether ther(3 
is not a marked internal difference betwecMi the cathode-ray salts and 
the Giesel salts, and what is the nature of the latter? 

I have succeeded in settling this question, having j)roduced sails 
by cathode rays, the beliaviour of which is in every respect absolutely 
identical with the Giesel salts. You may produce such substances if 
you allow the cathode rays to fall on the original salts not for a short 
moment only, but for a somewhat prolonged time, until the salts are 
strongly heated. Produced in this way the salts will keep colours ; but 
the substances coloured in this way are not sensitive to light; they 
show no photoelectric effect: they give sirong alkaline reaction, and 
they are not suited for phosphorescence — all like the Giesel salts. It 
is quite sure, and you may test it also directly by spectroscopic proof, 
that in this case, if for instance you have worked on sodium chloride, 
the chlorine is sel free. Then of course an amount of free sodium is 
left, which dissolves itself in a deeper layer of unaltered sodium 
chloride, to which the cathode rays could not [ienetrate. I call these 
non-sensitive colours the after-colours of the second class, while the 
ordinary sensitive after-colours, produced in a sliort time on cool 
salts, arc called after-colours of the first class. 

Now, if tlie after-colours of the second class are identical with 
the Giesel salts, then, of course, the very different substances of the 
first class cannot be also identical with the Giesel salts. Therefore the 
question arises anew what is the nature of the first-class after-colours? 

One observes with regard to solid solutions that the first-class colours 
depend not only upon the metal contained in the small admixture, but 
they vary greatly, for. instance, in the case of tlie admixture consisting 
of potassium chloride or bromide or iodide. This indicates that the 
metals alone do not cause the after-coIoiu*s. It becomes much more 
clear when we expose some ammonium salts to the cathode rays. (The 
ammonium salts are cooled by liquid air in the discharge-tube to prevent 
their evaporation.) Then you get strongly marked after-colours like- 
wise; for instance, ammonium chloride becomes yellow-greenish, the 
bromide becomes yellow-brown, the iodide becomes brown, and the 

* J. Elster and H. Geitel, Wied. Am. 69i 487. 



ON SALTS COLOURED BY CATHODE RAYS. 


253 


fluoride a deep blue. In the daylight these colours are gradually 
destroyed, quite like other after-colours of the first class. The colours 
themselves — yellow-greenish for the chloride, yellow-brown for the 
bromide, and so on — induce us to presume that the after-colours in this 
case are j)roduced by the haloids, and not by the hypothetical 
ammonium radical. This presumption becomes a strong conviction 
when we observe that also a great number of organic preparations 
which contain no metal at all (and not any metal-like radical) acquire 
marked after-colours of the first class in the cathode rays also. (The 
part of the discharge-tube which contains the organic substances is 
cooled by liquid air.) 

Then you may observe that solid acetic acid (CaH 402 ) remains 
quite colourless in the cathode rays; but if you substitute a hydrogen 
atom by chlorine, the substance thus produced ’•(the monochloro-acetic 
acid) acquires a marked yellow-green after-colour. If you introduce 
an atom of bromine instead' of chlorine, you get OjHjBrOj and the 
after-colour is of a marked yellow. Bromoform (CITBrs) turns into 
iJie colour of loam, and chloral (C^HOlaO) becomes a deep yellow. 
In this way we see that not only salts, but likewise substituted acids, 
.substituted hydrocarbons, and substituted aldehydes acquire after- 
colour.s if they contain any haloid. 

Now, it seems highly improbable that in the case of alkali salts the 
electro-positive component is absorbed only (producing the after-colour), 
and that, on the otlier hand, in the ammonium salts and in the organic 
substances the electro-negative component is efficient only. The most 
probable inference is that in each case both components remain and 
that botli are efficient, but that under the same conditions the haloids 
produce a sligliter colour than the metals, so that in the case of the 
salts the haloid colour is overwhelmed by the metal colour. 

Therefore we arc compelled to suppose that we have not to deal 
with a decomposition in the ordinary form, by which the different com- 
ponents are finally separated from each other and at least one of them 
is set entirely free, but that the components detained by absorption 
remain at a quite short distance from each other, so that they may 
easily meet again. I realise that — for instance, in the case of sodium 
chloride — at every point of the coloured layer there is an atom (or 
perhaps a molecule) of chlorine and an atom (or a molecule) of sodium ; 
but they cannot combine, because they are fixed by absorption and dis- 
tended from each other by the absorptive power, which in this case 
surpasses the chemical affinity. But the absorptive power may be 
weakened by heating and the chemical affinity or the amplitude of the 
molecular vibrations may be strengthened by the energy of daylight. 

If we grant these assumptions, it is immediately evident why the 
reaction of all dissolved colour substances of the first class is a 
neutral one, for the two components may combine again and re- 
establish the original substance. The other special qualities of the 
first-class colours, and especially tfieir differences from the Giesel 
salts, which contain the electropositive component only, may be de- 
duced likewise from this retention of both components and their oppor- 
tunity of meeting each other again when the absorptive power is 
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weakened or the chemical affinity is strengthened. Now, the two 
components in the coloured substances being distended in some degree, 
I propose for this special condition of matter the name of distension. If 
we accept this, have we created a new name only, or does matter in 
this condition really show new qualities? It seems to me that we 
have to deal with a peculiar condition of matter, which deserves a 
more elaborate study than it has mot till now. I will not enter again 
into some special qualities, which have already been mentioned — ^the 
photoelectric effect and so on — ^but I should like to point out that 
matter in the distension state shows a strongly strengthened absorption 
of light. 

\Ye noticed with regard to ammonium chloride the yellow-gi’eenish 
after-colour of the chlorine. Now, cathode rays, as used in these 
experiments, will not*penetraie any deeper than one-hundredth of a 
millimetre into the salt. In such a thin layer even pure liquefied 
chlorine would not show any perceptible colour. But besides this it 
must he noticed that we observe this after-colour at the temperature 
of liquid air, and lhat chlorine at this temperature, as Dewar and 
Moissan ohsen^d, is snow-white, even in thick layers. In a similar 
degree the brown colour of bromine is weakened at low temperatures. 
Now, if nevertheless we ohseiwe at this very low temperature the marked 
characteristic colours of chlorine and bromine, we must conclude that 
the absorptive power of these sul)stances has become a multiple of 
its ordinary value. One may observe this strengthening of the aksorp- 
tive power directly in the pure sulphur. Sulphur likewise turns into 
a snow-white substance if cooled by liquid, air. But when the cathode 
rays fall on tlie white sulphur it takes immediately a yellow -reddish 
colour. It is a real after-colour, because at constant low temperature 
the colour is destroyed by daylight. 

Now, since the strengthening of light-absorption occurs in this 
elementary substance, it becomes evident that the cause cannot be 
any chemical process, but only a physical allotropy. The special 
character of this allotropy (which may be connected with an absorp- 
tion of electrons) will not be entered on in a discussion here. Probably 
we have to deal with a ))olymeriRation, so that, for instance, the 
yellow-reddish sulphur would be analogous to polymerised oxygen — to 
ozone. 

I have mentioned already that the first-class after-colours are 
gradually destroyed by incident daylight. A peculiar phenomenon is 
connected with this destruction of colour. I found that after the day- 
light had fallen on the coloured substances, even for the shortest time, 
most of them showed a marked phosphorescence of long duration. 
I have observed this phosphorescence even in substances which had 
been coloured twelve years ago and had been kept in the dark since 
that time. The diffused dim light of a gloomy November day, when 
falling through a window on the coloured substance for one or two 
seconds only, is sufficient for the production of this phosphorescence 
in a marked degree. If you allow the daylight to fall several times 
on the same spot, then the colour is weakened at this spot, and we 
Come to the presumption that the loss of colouration is generally 
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attended by tlie emission of phosphorescent light. This is in accord- 
ance with the experience of Wiedemann and Schmidt that if the 
destruction of the colour is produced by heating, likewise a phos- 
phorescent light is produced, whicR in this case is strong but of a 
short duration, corresponding to the quick destruction of the after- 
colours by strong heating. 

If the salts, aft^ having been coloured in the condition of a fine 
powder and then having been put between two glass plates (in order 
to obtain a plane surf|ce), are placed in a photographic camera instead 
of the photograpliic iSate, you may get a fine phosphorescent picture 
of a landscape or of a^hitecture after a very short exposure. 

Time does not allilw me to mention in detail several other 
peculiarities which arJsliowii by matter in ilie distension state. In 
one direction only I ni|y be allowed to make some remarks. 

The first-class aftcr|p6lours may be produced not only by cathode 
rays but also by the P ftiys of radioactive substances, as you probably 
ktjow. But they may|also be produced by vlira-vtolel light, for 
instance, by ultra-violet^^park light, even when a quartz plate is inter- 
posed between the sparfeand the salt. More than thirty years ago I 
brouglit forward n hypotB^sis, according to which in every point where 
calluKle rays stiike a KtMid body a thin layer of ultra-violet liglit- 
radiating molecules is prcduced in the gas, to which ultra-violet light of 
V(jrv short wave-lenglhs, fc&r iii^^taneo, the phosj)horescence of tlie glass 
walls in the cathode rays, i«;due. But 1 came further to the assumption 
that nearly all effects wliich are commonly ascribed to special qualities 
of tlie cathode rays, and like>yise of ft rays and x rays, are mere effects 
of the ultra-violet light whict;is produced by tlie stojiping of these rays. 

I have been guided by this|i&ssurnption during many years, qrnd have 
very often been aided by-j it in foreseeing new phenomena. For 
instance, in this way I waB induced to expect that the a^^-colours 
would be produced not onm by cuthode rays but also by tne ordinary 
ultra-violet light: further 1 could guess that also the x rays would 
produce after-colours (which in tliis case have been observed by 
TFolzknecht), and in rece(it times I could foresee that solid aromatic 
substances (the benzene derivatives) in the ultra-violet light must change 
their spectra of ordinary phosphorescence, composed of broad bands, 
and turn to peculiar spectra composed of na^pw stripes, the wave- 
lengths of whicli are characteristic of the aromatic substances.® 

So I believe also that the after-colours avc^pit)duced not directly by the 
cathode rays or by ft rays, but by the afeJS^id ultra-violet light which 
is connected with the stopping of the otheOTays. 

In this way the after-colours enter ^t/once into a great class of 
phenomena known as reversible effects ojf iht. You know that certain 
effects of the visible spectral rays are destroyed by rays of longer 
wave-lengths, by the in fra -rod rays. / And the analogy to this 
phenomenon is in my opinion the destru^pmof the after-colours: they 
are produced by .the ultra-violet light stopped cathode rays and 

are annihilated by the longer visible wa^«engths of daylight. In this 
way you may likewise understand, for instance, that the coloured 

. ® E. Ooldsteio, Vtrhan*il. d, D. Phy^ik. Qes. 12. 
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spots, jircKluced by x n\\s on Iho luminescent screens after long 
exposure, may be destroyed again by exposure of the screens to day- 
iiglit. ion may also explain the peculiar medical observation that 
therai)eutio radium effects in parts of tlie human l)ody not covered, 
speciaHy \n the lace, are otten not of long duration — for the face is 
exposed to the counteracting visible rays of daylight. 

We notice here a connection of our subject, with a dep.artinent of 
great practical importance. For all therapeutic effects of x rays, 
radium rays, and inesothorium rays would, according to this view, be 
effects only of ultra-violet light produced by ilie stopping of these rays 
in tlie human body, and the special character of the radium- and meso- 
thorium- and .r-ray treatment would consist mainly in the carriage into 
the interior of the body, by the rays, of the ultra-violet light, wliicli 
is not confined to the surface of the body, but is produced at every place 
where any of the entering rays are stopped. Yon may notice hirtlier 
that this view of the medical ray-effects presents a heuristic method 
for the treatment itself, which up to the present followed quite fortui- 
tous and merely empirical paths. For it may be liojiod tnat treatment 
by radioactive substances will be useful in every disease in which ultra- 
violet light has bed'll proved to he ellieient in some degree; you will 
avoid such treatment in the well-known casc*s in which light of short 
wave-lengths is noxious, and you may be justified in substituting an 
ultra-violet light treatment where radium or niesothoriimi is not obtain- 
able. At the same time it becomes evident why the treatment of certain 
diseases by the /3 rays has effects very similar to those produced by 
fulguration — that is, by the light of very strong sparks: the efficient 
agent is in both cases the ultra-violet light. 

But it cannot bo a physicist’s (ask to enter too far in medical 
questions: it was only my intention to show how interesting arc some 
of the problems nnIucIi are connected with the salts coloured by cathode 
rays. 


The Problem of the Visml Requirements of the Sailor and the 
Railway Employee. B// James W. Bakkett, C.M.G., MJ)., 
M.S./F.R,C.S.Es^q. 

[Ordered, on behalf of the General Committee, to be printed in exteniio.] 

The discussions which liallT taken place on this subject are apparently 
interminable. They have for the most part resolved themselves into 
discussions amongst oculists and communications made by deputation 
or otherwise to the Board of Trade presenting their point of view. 

The Board of Trade, whilst it has collected a certain amount of 
valuable information, has not materially modified its methods, and 
apparently does not propoije do so. As its authority weighs heavily 
in the Dominions, which aiws a rule not consulted by it before it takes 
action, various anomalies mafte their appearance. I venture therefore 
to bring before this meeting of the Physiological ^eciioii of the British 
Association a summary of the present position. 
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Until recently the standard adopted by the Board of Trade was 
normal colour vision as tested by coloured wools and a form vision 
equal to 6/12 partly with both eyes open. In other words, the theo- 
retical objective was normal colour vision, and form vision of such a 
standard that one eye might be totally blind and the other possess 
somewhat less than hall vision. The Board, however, appointed an 
expert committee in 1910, which took evidence and made a number of 
recommendations. This committee sat for two years, and in its report 
recommended that the form vision required should be 6/6 in one eye 
and 6/12 in the other, and that colour vision should be tested by wools 
and by coloured lanterns. It did not, however, definitely recommend 
that the eyes of tliose who enter dangerous services should be subjected 
to a complete ophthalmological examination when the boy first goes to 
sea. Apparently such changes would have required fresh legislation. 

Since this report, however, the Board of Trade has again altered 
its requirements, and now requires the candidate to read 6/9 partly and 
6/6 partly with bl^i eyes open, which means, simply, that the old 
standard has been reverted to as regards form vision, except that the 
minimum has been raised from 6/12 partly to 6/9 partly. During the 
coui’se of its long inquiry the expert committee apparently did not 
consult those in the Dominions wlio were dealing with the matter, with 
the exception of the examination of two wilne.sses, nor did they 
apparently seek to make any careful reference to the various accidents 
which have taken place by sea and land and can be attributed to 
defective vision. 

Clause 13 of the Keport of the Departmental Committee on Sight 
Tests states: — * Sir Walter Howell informed us that the Board of 
Trade were not aware of any casualty which could be traced to defective 
vision. Tie explained that the Board could raise any question they 
pleased on an official inquiry into a marine casualty ; that the smallest 
question as to the colour vision of any officer concerned would be probed 
to the bottom ; that if there were any question of confusion the men 
concerned would be re-tested ; but that such a question had not been 
raised in a single instance. We have examined a large number of the 
Beports of Board of Trade inquiries, and the result of our examinations 
has confirmed the view that no official evidence exists of casualties due 
to this cause. We have examined eight master mariners of long 
experience, none of whom knew of any case in which a casualty had 
arisen from defective vision.’ 

( -laiise 14. — * At our request the Liverpool Steamship Owners* 
Association ascertained that, of its members, the owners of S67 steam 
vessels, of the aggregate tonnage of 3,776,695 tons, knew of no instances 
in which mistakes due to defective form or colour vision had been made 
in the reading of lights at sea, and of no instance of difficulty of reading 
signals; while the owners of 59 steam vessels of 192,494 tons knew^ of 
some few instances in which a man’s sight had been or had been 
alleged to have been defective, but of no casualty resulting therefrom.’ 

Clause 15. — ‘ The Secretary of the Joint Arbitration Committee at 
Grimsby, which investigates the circumstances of a large number of 
collisions every year, has never known of a collision . caused through 

1914. s 
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the mistaking of the colour of a light. The Manager of the Hull Steam 
Trawlers' Mutual Insurance and Protection Co., Ltd., who in 12 years 
has had to deal with an average of 100 collisions a year, knows of 
only four cases in which any question of defective vision has arisen. 
Two of these cases were in elderly men, and in the oUifi* two the 
witness considered the danger was caused by excessive smoking. * 
Clause 17. — ‘ The Board of Trade casualty returns, which include 
collisions to foreign ships on or near the coast of the United Kingdom 
and of British Possessions, show no case in which a sea casualty has 
been attributed to the defective vision either of an officer or a look-out 
man; but they show that since the adoption of the 1894 sight tests 
there have been reported on the average each year 100 collisions 
attributed to bad looLout and 429 strandings attributed to causes con- 
nected with navigation and seamanship. The strandings resulting 
from bad look-out are not shown separately. From tlieso returns it is 
not possible to arrive at any reliable estimate of th#» total number that 
might have been occasioned by the defective visi^of the ofiicer in 
charge or of the man on the look-out. Farther, the returns, as they 
do not distinguish the vessels conimauded by officers who have passed 
the 1894 sight test, afford only a general basis of determining how far 
the existing system has been successful in eliminating dang(?roi)sly 
defective men ; hut they do show tliat amongst the vessels registered in 
the United Kingdom the total number of collisions attril>iilahle to bad 
look-out and of strandings attributable to all causes relating to naviga- 
tion and seamanship is IccS than 5CH) a year. Tlie Board of Trade has 
no record of the actual nuiiiber of voyages made by British vessels, but 
ou a rough estimate that number eannot lx* less than 3()0,0(X1 a year.* 
Clause 18. — ‘ There appears to lx.* no evidence showing conclusively 
that defective vision has caused any ap])reciable number of accidents nt 
sea, iihlioiigh we do not iliiuk that it necessarily follows from this that 
the present method, even w'liere it has been employed, has been success- 
ful in excluding all dangerous persons from the Mercantile Marine, or 
that no accidents have been caused in this way, since it has not been 
the practice, in conducting inquiries into tlic causes of casualties, to 
test the vision of persons implicated. We think it regrettable that 
effect has not been given to tlie recommendation as to the testing of 
witnesses contained in the report of the committee of the Royal Society 
in 1894, and we desire to repeat that recommendation — that in case 
of judicial inquiries as to collisions or accidents witnesses giving 
evidence as to the nature or position of coloured signals and lights 
should be themselves tested for colour and form vision.' 

Sir Norman Hill, who signed the Minority Report, states that ' in 
the absence of all evidence of any single casualty resulting from defec- 
tive form vision I am opposed to the retention of the new standard 
under which 10 per cent, of the candidates wdio have for many years 
proved their competency w^ould have been excluded from the service.* 
Mr. Nettleship, however, one of the members, since the publication of 
the Report, made a collection of the cases in which disaster at sea or 
land seemed to be actually or potentially due to these causes, and was 
in communication with the writer in regard to the details of a number 
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of other cases at the time ol his death. In that work Mr. Neilleship 
makes I lie following pertinent observation (p. 3): — ‘ For reasons 
such as tlie above, defects in sight are regarded by those who have to 
inquire into accidents ae of such little importance that in the official 
investiirations the question of defects of sight in the men who are 
on look-out or corresponding duty is scarcely ever raised. Naturally, 
tlierefore, no accidents are discovered to have had visual defects for 
their cause. Continuing to reason in a circle, the conclusion is that 
defects of sight do not cause accidents ! It would be ludicrous if the 
matter were not so grave that though precautions of greater or less 
efficacy are taken to exclude men with conspicuous defects of sight from 
entering the sea or railroad services because such defects are admittedly 
dangerous, yet, when the accident happens, no trouble is taken to find 
out whether the man responsible for it has efficient sight or not. Every 
possible cause for the casualty is sought out, but the possibility that his 
vision either was defective when he entered the service or has become 
so since is never even considered.* 

Yet in spite of the foregoing the fact remains that Dr. Orr and I 
reported in the Lancet y October 29, 1904, the account of the wreck of 
the Atistralia and the previous grounding of the Indraghiri by a pilot 
whose form vision was very defective. In spite of this Report, the 
statements of Sir Walter Howell and Sir Norman Hill appear in the 
Expert Committee's Report. I propose now to refer to the metliods 
adopted in the Victorian Railways, the Victorian Pilot Service, and the 
Union S.S. Co. of Now Zealand. The history of vision-testing in the 
Victorian Railways is too lengthy for detailed reference. The number 
of candidates who have to be dealt with is very large, and the Depart - 
rnent has adopted a rough-and-ready plan with which I am not in 
complete sympathy, but which undoubtedly eliminates the majority of 
tlio defective cases. Colour vision is tested by the lantern and form 
vision by Sncllin's types. For those entering the service the vision 
required is fi '6 in each eye and 6 ^6 in both together. The pupil is then 
dilated with homatropine and the vision is again tested. It must now 
not he less than 6/12 in each eye or 6/12 in both together. Once the 
applicants are admitted to the service they are re-lested without the 
use of homatropine, and must possess 6/12 vision in each eye and 6/9 in 
hofh together. 

T propose now to indicate the steps (hat have been taken by the 
^Marine Boiuxl of Victoria to provide for the thorough examination of 
(he vision of pilots who enter their service, and for their re-exaniination 
since the disaster of 1904. I also quote Clauses 100, 102, 104 and 
lOr) of the regulations which provide for tlio contingencies to which 
Mr. Nelllesliip referred. 

Victorian Pilot Jiegulafionii. 

Pilots must be examined prior to admission to the service, and 
I heir vision must be as follows: — 

1. Vision to be 6/6 in each eye without glasses. 

2. The total error of refraction not to exceed 1 d. and of this 

^ 6 2 
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astigmatism not to exceed ’5 d. Tliis estimate to be made by 
retiuoscopy with the eye under the influence of a mydriatic. 

3. The pupillary reflex to be normal, the fundus to be free from 
disease, visual fields normal, and balance of colour muscles to hv. 
normal. Candidate to possess binocular vision. 

4. Colour vision to be normal as tested by coloured wools and 
coloured discs. 

If persons possessing these qualifioalions are admitted, on re- 
examination the standard required is: — 

1. The same as in the case of an applicant for a licence, except tliat 
after admission into the service deterioration of vision will be allowed, 
provided that the vision is not less than 0 9 fully and O 'O ]>artly in 
each eye. 

i. There must he no evidence of any morbid or other condition 
in either eye which would render it prol>able that the vision \\nuld 
deteriorate before tlie next periodical examination. 

Clause 100 provides that ' every pilot until he arrives at the full 
age of sixty years, whether licensed before or after the corning into 
force of these regulations, sliall at intervals of not nua-c than twelve 
calendar months, and in the case (»f a pilot who under the legnlations 
does not necessarily retire at the age of sixty years, after he attains that 
age, at intervals of not more tlinri six calendar months, have his 
eyes examined and vision tested, and pass as satisfying tiie prescribed 
standard by an expert oculist to be approved by the Marino Board.’ 

Clause 102 provides: — ‘ If, on the occasion of any examination or 
testing of a pilot or of his eyesight or vision fwhetlier biennial, sixtii 
monthly, or casual) any physical, mental, or visual defect is discovered 
which in the opinion of the medical examiner or ex])ert oculist, as tlie 
case may be, does not immediately, but may within a variable time, 
render the pilot unfit for service, such pilot shall submit himself for 
re-exam in. at ion within such lesser intorvals tlian those hereinbefore pro- 
scribed as the examiner- or oculist, as the case may be, may certify 
to be necessary, any longer interval hereinbefore limited to the contrary 
notwithstanding. ' 

Clause 104 provides: — ‘ In the event of any casually or accident 
occnrringto or in connexion with any ve.ssel or incidental to the naviga- 
tion thereof, which in the opinion of the Marine Board may be due to or 
of wliich in its opinion one of the contributing causes may have been 
some defect in liealth or vision of the pilot in cliarge, such pilot shall 
if required by tlie Board forthwith submit liiinself and be examined 
by a medical practitioner or expert oculist to be nominated by the 
Board, or by both, as the Board may direct, and until such practitioner 
or oculist or both, as the case may be, shall certify that such pilot is fit 
physically and mentally or visually, and such certificate be lodged with 
the Secretary to the Board, such pilot shall not follow his calling.' 

Clause 105: — ‘If any pilot be absent from duty on account of 
illness, and such absence shall extend beyond twenty-eight days, or in 
case of illness of any duration, if the Marine Board think it advisable, 
or when from any other cause any pilot has been absent from duty and 
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such ubsence shall have extended for six calendar months or upwards, 
such pilot shall not return to duty unless and until, as regards liis 
condition physical and mental, a medical practitioner and, as regards 
Ills vision and eyesight, an expert oculist, to be in both cases nominated 
by the Marine 13oard, have respectively certified to the Board that such 
pilot is in a fit condition physically, mentally, and visually to perform 
liis duties as a pilot. * 

The annual examination of the pilots has probably averted disaster, 
as one pilot was retired with high blood-pressure and retinal hemor- 
rhages detected in the course of periodical examination. 

The Union Steamship Company of New Zealand adopts a like 
standard for those who enter its service, and provides for periodical 
testing of form vision. 

What standard of form and colour vision is necessary for safe 
navigation or railway service? 

So far as colour vision is concerned the results of the ordinary tests 
witli wools and lanterns seem to coincide with the quantitative measure- 
ments made by Sir William Abney, and I have never seen any prac- 
tical difficulty in detecting a dangerous degree of colour defect by the 
combination of lliese moans. 

With regard to form vision, however, the matter is not nearly so 
sim})le. Tw'o qiiesiions arise: What standard of form vision shall be 
required? and, Are two eyes necessary? Some time ago, in the 
Ophlhalmic lieview, Mr. Fergus gave an account of his ow'n experi- 
ence in motor navigation with defective vision. Apart from theoretical 
disquisition which I was unable to follow, he stated correctly enough 
that lowered form vision means for the most part a loss of detail. A 
1 louse is still seen as a house at a distance when the form vision 
is low’cred, and a ship is still seen as a ship in like circumstances. I, 
however, set to work to make myself artificially myopic with bi-coiivex 
glasses, and to reduce my form vision to different degrees in order to 
repeat his experience. In passing, however, it should never be for- 
gotten that the standards given by Snellin’s types are at best approxi- 
mate. They depend on the illumination of the types, on the contrast 
between the letters and the background, on the illumination of the 
I’oom, and tlic size of tlie pupil. They nearly ahvays give better results 
in daylight than by artificial illumination. At best they have approxi- 
mate significance. 

Eendering my eyes artificially myopic in this way, I reduced my 
vision to 6/9 partly and 6/12, and found, as Mr. Fergus said, that 
houses, men, dogs, and objects of various kinds w’ere still recognised 
as such, but certain details could not be detected. For example, a 
man and a dog at five hundred yards' distance were seen as one mass; 
a flag on a flagpole at a distance of a mile was indefinite, so that one 
could not tell which way the wind was blowing. Outside Dunedin 
Harbour T mistook a ship on the rocks for the rocks themselves. By 
bright ordinary daylight I should have experienced little or no difficulty 
in navigating. Furthermore, in a long motor run there was not the 
leasfc^ difficulty in seeing details on the road, and there w’ould have been 
no difficulty in steering the motor. At evening, however, and at night, 



262 


REPORTS ON THE STATE OF SCIENCE. — 1914:. 


tlie matter was entirely diffei'ent, and with tins reduced vision motor 
driving would have been lull of difficulty and danger by reason of the 
reduction of the range of vision. When, however, I lowered the vision 
to 6/18 partly navigation and motor driving would have been dangerous 
by night or day. 

The experimental evidence obtained by the Expert Committee at 
Shoeburyuess was to the effect that vision of less than 6/12 seriously 
affects colour perception, and that consequently 6/12 represents the 
minimum of vision compatible with safety. This accoixis with my own 
personal experience, with the reservation that anyone who possesses 
6/6 vision will be a much safer navigator, other things being equal, 
than anyone who possesses 6/12 vision. 

Mr. Fergus seems to draw a distinction between myopia and hyper- 
opia, but when I have rendered my vision defective by rendering my 
eyes hyperopic — that is, by the wearing of concave spectacles — 1 have 
been unable to detect any practical difference in the result. In both 
cases one makes many failures when one’s colour vision is tested by 
the lantern. When the aperture is small and the light a little dim, 
no colour can be seen at all, probably for the reason lliat Sir William 
Abney instances. 

In Sir William Abney’s work, dated 1913, * Hesearclies in Colour 
Vision ’ (p. 40(1), reference to similar experimental work is made 
The writer, a few years ago, when considering oilier causes than those 
of dedcient colour sensation which might prevent the recognition of 
colour, came to the conclusion that the optical condition ol the eye 
might be of such a nature that small discs of coloured light might, he 
taken as colourless or not seen at all. To confirm or disprove his 
diagnosis he made his eye myopic and observed a ship’s light from the 
sea-coast and also known stars, and found that with about half normal 
vision the ship’s light at two miles was sometimes' invisible or colour- 
less, and that only stars above the fourth or fiftli magnitude could make 
any impression on the retina. 


Conclusion, 

There is abundant evidence to show that a number of disasters by 
land and sea are attributable to defective vision. Tlnu’e is also good 
reason for thinking that a larger number of accidents have occurred 
which have not been reported, and, as Mr. Nettleship says, they never 
will be reported under existing conditions. It is clear tliat, so long as 
the present mode of lighting ships and the present method of using 
railway signals are continued, form vision below 6/12 is dangerous 
as regards its effect on colour perception, and is dangerous by I’eason 
of the limitation of the range of vision in dull light, and I am of 
opinion that for the purposes of safety the minimum visual require- 
ments should be 6/9 in one eye and 6/18 in the other. A hyper- 
metropia of two dioptres with astigmatism not exceeding *75 D might 
be permitted. The colour vision should be normal and tested both wiili 
wools and lights, and there should be no ocular disease. To satisfy 
these requirements it is necessary that all those who go to sea or 
enter the railway service to earn a livelihood should be examined at 
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tho oiilset of their career, nince one complete ophthalmological 
examiTi.ition at that period of life will enable the future vision of the 
examinee to be predicted with tolerable certainty. 

It will be seen that the method adopted by the Victorian Eailways 
would eliminate those who have a high degree of hypermetropia ; but 
it may admit those suffering from choroiditis with contracted fields, 
from glaucoma, and, in fact, any eye disease which is not obvious and 
which has no lower^ central form vision. 

Stress need hardly be laid on the injustice perpetrated in allowing 
anyone to enter a seafaring life, to spend some years in acquiring pro- 
ficiency, and then subject him to a visual examination when he makes 
his appearance for his first professional examination. The sensible 
course is obviously to insist on a complete examination when the hoy 
first goes to sea. 


I>rif-Farminri Invcsttufaliojis in Uie United Stnfefi, By Taman T. 
Brigos, M.S., Ph.D. 

[Plate \.] 

(Onl*‘r('(l, oil lM‘ha1f of tlio Oeneral Oommittee, to be printefl in erfrnso.) 

I'lrr: Icrrn ‘ (Irv-fanning * is now generally applied lo agricultural 
]>vnctice in regions where rainfall is the primary limiting factor in 
crop produciion. The detcrinmalion oE the tillage methods which are 
most efficient in Die sloi’oge and conservaDon of moisture, and the 
developmeuit of varieties which are especially suited to dry-land con- 
flitions, arc economic problems worthy of the best efforts of flic 
agronomist. The most efficient mcDiods are not always Die most 
profitable methods, for the margin of profit in dry-farming is normally 
small, and Die cost of tillage must always be compared with the 
return. Efficiency in the use of the limited rainfall is, however, the 
basis upon which dry-farming practice must be built. 

Before, taking up the discussion of dry-fanning investigations in 
the TTi’ifcd States, a word regarding the organisation of the Depart- 
ment of Agriculture in this connection may be of interest. Five 
offices in the Bureau of Plant Industry are devoting a large part of 
Dieir cut'rgies to dry-fanning problems. Tlie Office of Dry-Land 
Agriculture operates over a score of experimental farms in various 
sections of Die Great Plains. This office is concerned chiefly with the 
determination of the crop rotations and tillage methods which are best 
adapted to the various dry-farming sections. It was early recognised 
in the development of this work that dry-farming problems are often 
of an extremely local character, and that numerous experimental 
stations are necessary to cover the field. Each experimental farm is 
superinl;ended by a trained agriculturist, usually an agricultural college 
graduate. These farms also afford experimental facilities for other 
offices engaged in dry-farming problems. The offices of Cereal Investi- 
gations, Forage Crop Investigations, and Alkali and Drought-Eesistant 
Plant Investigations are engaged in the investigations of crops suited to 
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dry-land conditions ; wliile the Office of Biophysical Investigations, in co- 
operation with the above-named offices, is concerned with the study* 
of the influence of various tillage methods on the absorption and reten- 
tion of rainfall, the water requirement of crops under field conditions, 
and the influence of climatic conditions on the growth of dry-laiul 
crops. Over oO.OOOL is now appropriated annually by Oongress for 
the support of the dry-land work. In addition (o this, severul of 
tlie States are also conducting dry-farming investigations on an exten- 
sive scale, either independently or in co-operation with the Ciove)n- 
rnent. Tlie field of investigation is so extensive that the present paper 
will be confined largely to the bio]»bysienl phases of the work. 

/(reas in fhr i'niiod Siah’fi. 

Two great dry-fanning areas occur in tlie Ignited Stnt<'s. One, 
the Iritennountain area, lies between the Kocky aAIounlains on llu* 
east and the Sierra Nevada Mountains o»i the west. It is essen- 
tially a region of winter and spring rainfall. The other, the Great 
Plains area, extends from the (*anadtan houndary alo!»g tlu* eastern 
side of the Rocky Mountains nearly to the Mexican hrjundarv, and 
t inhraces ovei 200,000 scjiiare miles of land whose pnxinctivity is 
limited hy the rainfall, Tliis area, in contrast to the other, is a 
)-egion of summer rainfall. 

'Fliese two great areas differ greatly in th<*ir pliysi(»gi*apl)ic features 
and in their native plant cover. The Interjnoiintain district is hrokem 
into numerous valle\s, an<l the vegetation consists mainly of shruhhy 
pereimial plants, such as the sage-hnish (Arirniism i ridfulahi) 

(I Male find a salt -hush (Atripler cnn/rrllfolia). M'lie si/e and 
character of this vegetation affords a good index of the productivltx 
of th.e land.’ Tlie larger the sage-hrush the greater the w atcr-su])pl\ 
and the heller ihf' farm. The soils c>ccupied h\ salt-husli, on tlu* other 
hand, are ajit to he so saline in charactej’ as to he unsuit(‘d to fli \ - 
fanning. 

In the Great Plains no trees or shrubs are found excc[)l along 
the water-courses, while the gently undulating, grass-covered plain 
stretclies unbroken to tlie horizon save for tlie buildings of the settleis. 
]Mnch of this country is covered witli buffalo grass {liurhhe dactij- 
h)ide^) and grama grass (Boiirteloua aligns fachya) (Plate V.), while 
farlber to the east, where the rainfall is somewhat heavier, the taller 
bunch grass (Ayidropogon scoparius) and wire grass {Arisiida 
hufFseta) make their appearance.^ This striking difference in the 
vegetation, characterised by the shrubby plants in the Tntermoiintain 
districts and by grasses on the plains, reflects the difference, in the dis- 
trihiition of the annual rainfall, which has had a marked effect upon 
the dry-farming development of the two sections. 

' * Indicator Significance of Vegetation in Tooele Valley, Utah/ Kearney, Briggs, 
Shantz, McLano, and Piemeissel, Journal of Agricultural JRcMarch, United States 
Department of Agriculture, 1, p. 365, 1914. 

Shantz, H. L., Natural Vegetation as an Indicator of (he CapabUitiea of Land 
for Crop Production in the Great Plains Aren, U.S. Department of Agriculture, Bureau 
of Plant Industry, Bulletin 201, 1911. 
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[Platk V, 



Sln)win;< llif imtive SHj'o-hrush vegetation on \ii>;in lainl in the Intermountuin 
district (above), ami the slun’t-ffvii'''; \e}^elali(»n of tfie virjiin Great I’lains 
(below). The Intermonntain district has a winter rainfall and the Great 
Plains a summer rainfall. (Photographed by H. Ji. 

IllustraiuKj the Report on Dry-L\trmin[) Invcsi'njations iti the 
United States, 

[ /’(» />»«■•' /'«!/'’ coi. 




ON DRY-FARMINO TNVRSTKJATIONS TN THE tmiTEl) STATES. 205 


Rainfall, 

Tt has become customary to use the average annual rainfall as a 
measure of the relative value of different aieas for dry-farming pur- 
poses. Since (he water-supply is usually the primary limiting factor, 
the annual rainfall must of course be ernpliasised. All who are 
engaged in dry-farming investigations recognise, however, the seveie 
limitations of this classification. The seasonal distribution and the 
cliaracter of the rainfall — whether torrential or in the form of 
numerous light showers, or occurring as steady, soaking-rains — aie often 
more im[)ortant than the total annual rainfall in determining the j)ro* 
ductivity of a dry-farming region. The uncertainty of the rainfall 
should also bo consideied whenever sufficient statistical evidence is 
available. 


PAC/F/C. 


MTFPAfOmTAW. 


GR£AT PLAINS. 



Fiu. 1.- Chait .sliowing the monthly di.stributioii of the rainfall at representative 
stations in the Clrcat Plain.s, Intermountain, and Pacific coast regions. The 
length of the black lines in each diagram represents the monthly precipitation 
at that place, beginning with January on the left. The scale in inches given 
on the right of eacli diagram can be used to find the actual amount of the 
monthly rainfall. For example, the average monthly rainfall at Bismarck, 
N. Dak., for June is seen to be 3,i inches, while for July it is only a little move 
t han 2 inches. It will be noted that in the Pacific coast region the rain comes 
])rineipally at the beginning and end of the year, that is, in the winter ; in the 
Intermountain districts during the winter and spring months ; and in the Great 
Plains during the summer months. 

Dainfall is not the only factor of importance, however. W’e shall 
refer later to the de.sirability of knowing the seasonal evaporation as 
measured from freely exposed tanks, W'bich affords a summation of 
those factors which determine the rate of transpiration. The maximum 
temperatures and the wind velocity are also important factors. For 
an adequate comparison of widely separated dry-farming areas, a know'- 
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seasonal evaporation, and the depth and character of tlio soil ap))oars 
to be indispensable. 

Reference has already been made to the strikinj^ difference in the 
monthly distribution of the rainfall in the Great Pkins as compared 
with the Interinounlain districts. This difference is illustrated in 
fig. 1, which shows the monthly distribution of rainfall at repre* 
sentative stations in each area. Three Pacific Slope stations with 
a distinctly winter type of rainfall are also included. In this latter 
region, owing to the mildness of the climate, an annual crop of wheat 
is growm during the winter months either for grain or Imy. 

Grain-farming under the alternating fallow and croj^ping system 
lias been satisfactorily established in Utah, whore the annual rainfall 
is 13 inches or more. In the southern part of the State of Washing- 
ton, where the conditions arc unusually favourable, land with an 
annual rainfall as low as 10 inches is used for growing w'inter wheat 
hy the summer-fallow method, but the returns are uncertain. When 
tlie annual rainfall is reduced to S*.5 inches the crop will barely v(‘lMrTi 
the cost of production. 

The rainfall rerpiired when tlic rain comes cbieny in the siiniinor 
i.s liiglier than for winter rainfall. This appeals to he due to llu' 
greater evaporation-loss from the fallow^ W’hon wx*t frequently by 
summer rains. In tlie Great Plains, where a summer rainfall prevails, 
dry-farming is not successfully conducted on an annual rainfall less 
than 14 inches, and tliis minimum is still lii^dier in the southern pail 
of the area, due, ns we shall see, to the higher rate nf evajioration. 

Eva porn fhuu 

Tlie evaporai ion-rale may faiily be considered as ranking next in 
importance to the annual rainfall in d<'lciTnining tiu* dry-farming 
possibilities of a region. The evaporation from a frce-watcu’ surface* 
represents a summation of the intensity of solar radiation, ieinporatnrc, 
saturation-deficit, and w'ind velocity, all of wdiich enter also into tin* 
determination of the transpiration-rate of the growu'ng crop, tliougli 
not necessarily in the same pi'oportion as in free evaporation. Evapora- 
tion has been measured daily during the summer months at. each C)f 
the experimental farms located in the dry-farming sections. Tanks 
0 or 8 feet in diameter and 2 feet deep are used, the tanks being 
sunk in the ground to within four inches at the top. The free-water 
surface is maintained at ground-level, i./?., about 4 inches from 
the top of the tank. Observations are now available for seven years 
at the stations first established. The observations are limited to 
the six months from April to September inclusive, since freezing 
weather is encountered at the stations during most of the remaining 
months. The average seasonal (April to Septen)ber inclusive) evapora- 
tion in inches for each station, together with its location, is showui 
on the accompanying map (fig. 2). The evaporation increases rapidly 
as one proceeds southward in the Great Plains; the evaporation in 
Northern Texas, for example, is 54 inches, compared with 31 inches 

” Briggs, L. J., and Bclz, J. O., Dry Farming in rdation ic RainfaU and Evapora^ 
tion^VK Department of Agricnllnre, Bureau of Plant Industry, Bulletin 188, p. 2.^. 
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Fig. 2. — Map showing stations at which evajioration measurements are being made by the Office of Biophysical 
Investigations. The figures show the evapoiation in inches during the six summer months (April to September 
inclusive). It will be seen the evaporation in the southern part of the Cb'cat Plains is nearly twice that in the 
northern part. 
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ill the central part of North Dakota. Such differences have a profound 
influence upon the water-requirement of plants. 

Shantz * lias shown that under practically uniform soil conditions 
a pure short-grass fomiation is found in Northern Texas with an 
annual rainfall of about 21 inches; in Eastern Colorado with an 
annual rainfall of about 17 inches; and in Montana with an annual 
rainfall of approximately 14 inches. The region throughout has a 
summer rainfall. The same plant fonnation then requires od p(‘r 
cent, more rainfall in Northern Texas than in Montana. The explana- 
tion of this is to be found in the dilTerence in tho evaporation-rate 
in the two sections. Reference to fig. 2 will show that the evapora- 
tion in Northern Texas is approximately 60 per cent, higher than in 
Central Motitiinii. A similar comparison bel ween Norlhevu Texas and 
Norlli-Easterii Colorado shows th.ai short-grass requires about appiox- 
imately 27 per cent, more rainfall in Northern Texas, where the 
evaporation is 23 per cent, higher than in North-Eastern Colorado. 
The effectiveness of rainfall depends of course upon its penetiation 
into the soil, so that any relationship which may be developed 
between evaporation and precipitation will necessarily be an appioxi- 
mate one. The above figures indicate, however, a ralher close 
parallelism between the evaporation and the rainfall required to 
maintain a given plant formation, and emphasise the necessity of 
knowing the evaporation as well as the rainfall in judging the dry- 
farming possibilities of a region.* 

A direct relationship between evaporation and \^ ater-re(]iiiroinenl — 
i.e.f the pounds of water required by a plant in the production of a 
pound of dry matter — is shown in the following incasiii'ements hy 
Briggs and Shantz of the water-requirement of the same strain of 
alfalfa when grown in different parts of the Great Plains (Table I.). 

Table L-Waler-refjuirement of Grimm alfalfa (second cutting) at different 
Htaiions in the Great Plains, 1912. 





Water-ro- 

quireinent 

Evap. I 

Daily 

1 Hatio of 
W.-U. to 

Location 

Growth period 

Days 

(to produce 

iu 

Evap.iii 

i liailv 




1 lb. dry 

inche.s i 

inches 

1 A rJll I jr 




matter) 



1 Lvap. 




lb. oz. 




Williston, N.D. . 

July 29-Sept. 16 

47 

518 12 ! 

7-5 ' 

0 150 

33 

Newell, S.D. . 

Aug. 9-»Sept. 24 

46 

630 8 : 

8*6 : 

0187 : 

; 34 

Akron, Col. 

July 26-Sept. 6 

42 

853 13 

9-5 

0-226 

1 38 

Dalhart, Tex. . 

July 26-Aug. 31 

36 

1005 8 

110 : 

0-306 

' 34 


It will be seen that the water-requirement increases steadily as 
one proceeds southward through the Great Plains, being twice as 
great in Northern Texas as in North Dakota. The daily evaporation 

^ Shantz, H. L., Natural VegeUUifm as an Indicator of the Capabilities of La^id 
for Crop Production in the Great Plains Area, U.S. Department of Agriculture, Bureau 
of Plant Industry, 'Bulletin 201, 1911, p. 12. 

^ Briggs, L. J., and Belz, J. 0., Bureau of Plant Industry, Bulletin 188, 1011, 

p. 20. 
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also increases in a corresponding manner, so that the ratio of the 
water-requirement to the daily evaporation is approximately constant. 
Montgomery and Kiesselbach* have shown that maize grown in a 
dry house and in a humid house varied in its water-requirement 
exactly in proportion to the relative evaporation-rates in the two 
houses. 

The water-requirement is not, however, always proportional to the 
evaporation. Oilier factors such as temperature may liave a profound 
influence in determining the development of the plant. Tliis may be 
illustrated by comparing the water-requirement of w})eat and sorghum 
in Polorado and in Northern Texas (Table II.). ^ When the difference 
in evaporation is consideied, sorghum is seen to have made a more 
efficient use of its water-supply in Texas than in Colorado, wliile the 
reverse is true in the case of wheat. 

Table Jl. ~-Comparl/ion of the. Rdativt Evaporation and of the. Relative 
* Water ‘requirement in the Great Plains in 1910 and 1911. 



1 



Evaporation 

Water-re- 

qiiireirient 

Station 

1 Year 

i Crop 

j 

Crowing perioil 

— 

Rela- 

tive 

— 

Rela 

tivr 



Actual 

Aetuul 

Akron, Colo. . 

' 1910 

wheat 

April 18--Aug. 2 

27-7 

100 

GC4 

100 

Amarillo, T<'x. 



April 5-Jnly 19 

340 

122 

853 

128 

Akron, Colo. . 

1910 

sorghum 

May 25-Sept. 28 

330 

100 

356 

100 

Amarillo, Ti x. i 


May 10-Ang. 28 

37-7 

114 

359 

101 

Akron, Colo. . 

1911 

wheat 

May 13-Aug. 2 

24-8 

100 

468 

100 

Dalhart, T(*\. . 



April 25-»Tuly 18 

28*5 

115 

673 

143 

Akron, Colo. . 

1911 

sorghum 

May 1 2-Sept. 4 

350 

100 

298 

JOO 

Dalhart, Tex. . 


May 14-Sept. 12 

41-9 

120 

313 

105 


Jnjlucuce of the Distrihufion of Riiinfall on Farm Practice. 

The different distribution of the rainfall in the Intermonntain district 
and the Great Plains has led to interesting differences in the fann 
practice of these regions. 

Spring wheat is not a successful crop in the Intermountain district 
for two reasons: (1) The land cannot be fitted for sowing until late in 
the season, owing to the spring rains; and (2) the driest part of the 
season occurs wlien the spring wheat crop is maturing. A large acreage 
of winter wheat is, however, grown. In fact, the dry-farming activities 
of this section are devoted almost wholly to the growing of winter wheat. 
The stubble is not usually ploughed until spring, the land being veiy^ 
dry and hard in the fall. The stubble also keeps the winter snows froni* 
drifting and thus holds the precipitation on the land. As soon as the 

® Studies in the W ater ‘requirement of Com, Nebraska Agricultural Experiment 
Station, Bulletin 128, 1912. 

’ Briggs, L. J., and Shantz, H. L., Water-requirement of Plantsi U.S. Depart- 
ment of Agriculture, Bureau of Plant Industry, Bulletin 284. p. 45 
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spring rains havo ceased, the stubble and the early growth of weeds 
ore turned under, and the land is kept fallow until the following 
autumn. The low rainfall during the sumnior makes it possible to 
destroy the weed-growth and maintain an elhcient siu face-mulch at 
a comparatively low cost. In the autumn, wheat is again sown. TIjc 
crop makes a good part of its growth while the temperature is co(»l 
and the evaporation low, and in addition to the stored moisture has the 
advantage of the seasonal precipitation during its growth period. 

^ One serious difficulty in dry-farming operations in regions of winter 
rainfall occurs in connection with the seeding of winter wheat on fallow 
land. The surface-mulch of the fallow is often dust-dry in the fall to 
a depth of 4 inches or more. If the farmer drills Iiis grain in the 
dust, the seed remains inert until a rain occurs. If the first rain is 
insufficient in amount to soak through the dry mulch to the damp soil 
below, the seeds germinate, but the rootlets of the seedling plants do 
nob reach the stored moisture below the intervening dry layer, and the 
plants soon die. On this account, farmers usually wait for fall rains 
before sowing wheat. If the seeding is thereby delayed until late in 
the fall, and freezing weather fnllow.s, the young plants are injured and 
weakened. And if this is folkwed by an ‘open wdnter, ' so that the 
wheat plants are not protected by a covering of snow, * winter killing ’ 
is often very severe, and the crop is practically a failuro. 

Drilling the wheat to a depth sufficient to place the seed in moist 
soil would appear to be a possible solution of this problem, but this is 
often found iinp?McticabIc, and the seedling plants liavo great difficully 
in forcing their leaves to llu^ surface. 11 is possible, that a solution of 
itic difficulty may be found in a seed-drill which has recently been 
developed, which throws the dry surface-soil in ridges, and plants the 
grain in moist soil at moderate depths in the intervening furrows. Tin's 
plan is not practicahle in wirjd\ regions, for the fiirrow.s would .soon 
fill with dry soil. 

In striking contrast with Interinountaiii practice, spring wheat is 
grown extensively in the Great Plains, esjiccially in the central and 
northern part. The sj^ring-sown crop escapes the dry fall and all 
danger from winter-killing, wdiile the hind, having l)een recently 
worked, is in better condition to absorb the summer rainfall. Inter- 
tilled crops are also grown to a much greater extent than in the 
Intermountain district, maize being especially popular in the northern 
part of the Great Plains, and the non-saccharine sorghums (rnilo, kafir, 
sorgo) in the southern part. The intertilled crop has in many sections 
largely taken the place of fallow, spring wheat now being extensively 
grow n on disked cfArn-land. 

Fallow is used extensively in the Great Plains, but the experiments 
by the Office of Dry-Iisnd Agriculture, under the direction of E. C. 
©iulcott,* have showm that alternate cropping and summer tillage in 
many sections is less profitable than simple three-year rotations, 
especially those in which spring wffieat is growm on disked corn-land, and 
even less profitable than continuous cropping. Summer tillage is not 

^ A Study of Crop Botaiiona and CvUivalion Methoda for the Oreat Plaina Arta^ 
U.S. Department of Agricnlture, Bureau of Plant InduBtry, Bulletin 187, p. 8, 1910. . 
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SO well adapted to a summer rainfall as to a winter precipitation, for the 
summer rnins repeatedly pack the mulch, which necessitates frequent 
cultivation to keep tlje land in a receptive condition and to destroy 
the weeds which spring up after each rain. Summer tillage, however, 
affords some insurance against total loss of a crop during a dry season, 
which means disaster to tlie farmer with work-animals and cows to feed, 
and this element of insurance will doub|J[e8a always be a factor with 
the small farmer, oven if summer tillage docs not give the greatest 
returns. 

Owing to the frequent high winds in the Plains, the blowing of the 
mulch on summer-tilled land sometimes becomes a serious problem. 
It is highly important in fallowing the Plains to keep the surface of 
the soil in a rough condition ; in other words, to maintain a clod-mulch 
on the fallow rather than a dust-mulch, a practice which is also 
advantageous in the absorption of rainfall. On lands subject to 
blowing, the practice of cultivating in strips is sometimes followed. 
The strips arc laid out at right angles to the prevailing winds, and 
alternating strips are planted to grain or an intertilled crop. Jardine ® 
lias recently emphasised the value of the lister in checking blowing iu 
extreme cases. This implement opens a broad shallow furrow, 
tlirowiiig the diH on both sides. Groups of two or three furrows each 
are listed at distances of from five to twenty rods across the field at 
right angles to the wind. The lister tends to form clods, while the 
disk harrow, except in moist ground, tends to pulverise the soil, and 
this must always be avoided in soils subject to blowing. 

Depth oj Bool System in relation to Storage of Soil Moisture. 

The great depth to which the roots of many of our cultivated 
plants extend has a very important bearing on the practicability of 
.sloj’irjg moisture in the soil. Burr lias found that oats, sj^ring 
wlieat, barley, and corn growing on ihe loess soils of Eastern Nebraska 
use tlic water to a depth of 4 feet or more, while winter wheat 
feeds to a depth of G or 7 feet. Excavations made in winter- 
wlieai plats iu Utah showed the root system to extend to a depth of 
7 feet.“ 

In a soil which can store 6 per cent, of ‘growth water,* there 
would be available in a section 6 feet in dcptli GUO tons of water 
per acre, or enough for the production of thirteen bushels of wdieat 
ill the central Great Plains.'^ For a root penetration of 4 feet, this 
amount w'ould be reduced approximately one-third. 

When the system of alternate cropping and fallowing is employed, 
w'ater seldom moves below the zone occupied by the roots of the 
wheat plant. This has taken place, how^ever, at the Dickinson experi- 
mental farm in w'esiern North Dakota. The water wdiich moves belo\y 
the feeding zone is practically lost to the plant, and remains undisturbed 

® Jour. Am. Soc. Agron. 6. 213, 1913. 

*0 Besearch Bulletin No, 6, Nebraska E.xpt»rimcut Station, 1914. 

“ Merrill, Bulletin 112, Utah Experiment Station, 1910. 

w Briggs and Shantz, * Relative Water-requirement of Plaats,’ Jour. Agru 
cultural Seaearchf U.S. Department of Agriculture, 8, 1, 1914. 
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from year to year. An argument often advanced in favour of d^p* 
ploughing is that the depth of root penetration is thereby increased. 
The futility of this argument so far as dry-farm soils are concerned 
becomes evident when it is realised that the normal penetration of roots 
in the Intermountain and Great Plains soils is far below any depth 
that could possibly be reached witli the plough. Deep ploughing may 
possibly increase the absorptjgp-rate of rainfall when the precipitation' 
rate is so high as to saturate tne surface soil temporarily, but this effect 
can also be secui’ed by leaving the surface rough and corrugated when 
cultivating. Slany of the field tests of the Office of Dry-Land Agricul- 
turc have failed to show any increase in yield from deep plougliing, 
an oi)oration which means an added expense to an industry in wliich 
economy in labour must bo rigidly exercised to show a reasonable 
profit. 

Loss of ITu/er from WeeJs, 

A relalivoly siiiuU proportion ol the total auimvd valutaW Is ct)U- 
served in the fallow, 'fhe iiiaxiinuin quanlif}’ of stored moisluro 
available for the crop seldom exceeds i inches of rainfall in sc'ctions 
where the annual rainfall ranges from to is iticlics. 

This low efficiency is due in part to loss from run-off, but mainly to 
surface evaporation and to loss through the transpiration of weeds. 
Numerous measurements liave shown tliat a rainfall of less than oiie- 
half-inch di^es not contribute to the permanent store, of moisture in 
the soil unless the surface soil is already wet from previous rains. 
If tlie rainfall penetrates the soil below a depth of 6 inches, its rate 
of loss due to evaporation is low. But if the fallow is weedy, the 
stored water is lost through the transpiration of the plants almost as 
rapidly as if the moist subsoil were freely exposed to the air. The 
water-requirement of weeds is fully as higli as some of our most 
valuable crop plants. For example, pigweed {Amanwthvs rctrojlrj'us), 
tumble-weed (Amaranlhus grcecizaus). and Russian thistle (Salsola 
j)estifer) have a water requirement as high as the millets and sorghums, 
while sunflower {HeVanthus pciiolarus) and lamb’s quarters (Chenf- 
podium albiun) rank higher than many of the legumes.^’ The dry- 
farmer can, therefore, produce a valuable forage or grain crop witli 
no greater expenditure of water per pound of dry matter than is lost 
through the weeds on his fallow. 

Determinations by W. W. Burr*^ in Nebraska, R. W. Edwards 
and J. G. Lill in Kansas, and C. B. Burmeister in Texas, all 
unite in showing that the evaporation loss from land fi’om which the 
weeds are sliced off with a hoe is but little greater than from culti- 
vated plants. In. other words, cultivation is effective in conserving 
water mainly through the destruction of weeds rather than in the re- 
duction of surface evaporation. This is well illustrated by Dili’s 
measurements at Garden City, Kansas, as sliown in fig 3. The 

Briggs and Shantz, Jour, AgrknUural liesearcht U.S. Department of Agri- 
culture, 8, fiO, 1914. 

Research Bulletin No. 5, Nebraska Experiment Station, p. 61, 1914. In co- 
operation with the Office of Dry-Land Agriculture and Biophysical Investigations. 

Office of Dry -Land Agriculture in co operation with the Office of Biophysical 
Investigations. 
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Fia. 3. — Loss of moistui'o from a mulched p-at in compaiison withaplat the surface 
of which has heon scraped with a hoe to cut the weeds, and with a plat on 
which the weeds wej*o allowed to grow. It will be seen that the mulched plat 
and tho scraped plat differ little in effectiveness in conserving water, while the 
weeds reduce tho moisture content to a depth of 3 feet. 

1914. 


T 



274 


KKPORTS ON TUB STATK OB SOIBNCE.— IIU I . 


moisture content of the mulched plat did not differ marki'lly from the 
plat on which the weeds were kept sliced off with a 8harj> hoe; wliilc 
the pint on which the weeds were allowed to grow wasi dried out tu 
a deptli of 3 feet. 

A striking example of the loss of moisture from woods is also 
shown in experiments by P. V. Cardon, conducted at Nephi, lilah.^® 
Winter wheat was grown on four plats by the suiiirner fallow system, 
ouediaU the plats being inWheat each year. Two plats were fall- 
ploughed each year, and during the following summer, one plat was 
cultivated to destroy the weeds, while the other was left untouched 
except to clip the weeds in time to prevent the seeds maturing. In 
the autumn both plats were sown to winter wheat. The experiment 
was conducted for four years, and during this time the yield from llie 
cultivated plat averaged four bushels more per acre than from the 
weedy plat. 

The loss of moisture in these plats as the season advanced, due to 
the demand made by tlie weeds, is illustrated in the accompanying 
graphs, lig. 4. That this loss is ju iuiarily due to the weed coY('r and 
not to direct evaporation is suppoHed by the fact that iu other i‘xperi- 
ments at this station spring-plouglied uncultivated fallow on which the 
weed-growtli was slight was practically ns effective as cullivaled fallow 
in conserving moisture. The average moistuie content ((3 feet in 
depth) of the weedy Nopiii ))lat was at the time of tiu‘ s[)nng sam])ling 
0‘iS }icv cent, below the ivated [)lat, and at the (itiu' of the J'':dl 
4'o per cent. b(d(Av the cultivaU^d plat. This loss in moisture 
during the summer is equivalent to 3’o inches of rainfall slnrr,l in fhr 
soil. This amount of whaler is sunicient, according to tlic watcr- 
re(piin*inenl measurements of Rrigi^s and Shantz,*^ to picxliice ten 
bushels of wlie,it jM-r acre at Akron, (VJorado. where the evaporation is 
the same as at Nenhi. In the actual increase in ueld of the 

cultivated ])lal over the weedy plat was cloven bushels per wvw. 
During the other years the yield was reduced by w'inier killing, so that 
the water-supply was not the primary factor in determining production. 
Surely no more convincing proof is needed of the necessity of kee])iiii! 
fallow land free from weeds in regions wliere the moisture sii])ply io 
of ])rimary importance. 

Cirowth^water. 

It has lung been known that a part of the soil-moisture is lujld so 
tenaciously that it is not available for the growdh of plants. Sadis 
in 1859 appears to have been .the first to refcognise that the percentage 
of non-available moisture varies greatly with ibe type of soil. This is 
a matter of fundamental impoHance in the inlerpretatiqn of • soil- 
moisture observations, for the water unavailable for growtli ranges 
from 1 per cent, or less in sand to 30 per cent, or more in the heaviest 

Office of Cereal Investigations in Co-operation with tho Office of Biophysical 
Investigations. See Tillage and RoUUum Experiments at the Nephi sub-station^ Utah, 
U.S. Department of Agriculture, Bulletin 167, 1914. 

Briggs, L. J., andShantz, H. L., * Relative Water-requirement of Plants,* Journal 
of Agricultural Eeseurch, U.S. Department of Agriculture, 8» b 1914. 
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Fia. 4.— Lofis of Traler from cultivated ar.d rreedy plats at Nephi, Ttah, as the 

penson advancoB. 
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TTky sf/rkovt^ 'Qm 
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types of clay.'* Obviously, then, the percentage of watt r in the soil 
that is available for the growth of plants, or the ‘ growth-water ’ as 
Fuller’* has tenned it, cannot be determined until this unavailable 
residue is known. 

Ahvay*® has used the hygroscopic coefficient, i.e., the percentage 
amount of water tliat a dry soil absorbs on exposure to a saturated 
atmosphere, to represent the unavailable portion. Briggs and Shantz 
have measured the moisture-cdfitent at which plants undergo permanent 
wilting when growing in a limited soil mass, protected from surface 
evaporation. By permanent wilting is meant a condition from which 
the plants cannot recover when exposed to a saturated atmosphere.** 
The percentage of moisture remaining in the soil under such condition.s 
has been termed the ‘wilting coefficient’ of that paiHicular soil, and 
has been found to vary slightly with the kind of plant used as an indi- 
cator. The ‘ wilting coefficient ’ in connection with a total moisture 
determination provides a means for calculating the ‘ growth-watei-. ’ 
the latter being tlie surplus above the wilting coefficient. By the aid 
of such determinations it is possible to calculate the amount of stored 
growth-water — the hank-balance, so to speak, in the water account, 
against which the. crop may draw. 

It is not necessary always to measure the wilting coefficient dirccllv, 
since it <*an he calculated from other pliysical properties of soils tli.it 
can he more readily measured. Tims tlie moisture equivalent, liy^ro- 
sropic coeflicMent, ;uid mechanical composition have all heen shown 
to hear a linear relationsliip to the wiltin'^ coetricient.*^ Of tliese 
indirect methods, that based on the er\v\’\va\cul is l\\e inos\ 

rapid and satisfactory. The latter represents the percentof^e of moisture 
remaininfj in the soil when hrou^dii into equilihriiim wifli a centrifu^il 
force times that of ^n’avity. The wilting coefTicicnt is apjiroxi- 

mafelv one-hulf the moi.sfmv equivalent. 

Where a small grain-f‘rop has extended its root-system to a depth 
of 4 feet or more, the moisture-content of the second and third feet 
i.s sometimes rerluced below the wilting coefTicient. This is practically 
sure to occur if tlie crop is suffering for water, for plants are able to 
reduce the moisture-content far l>e1o\v tlie wilting coefficient while in a 
wilted condition, or during the ripening process. But it appears also 
to take place while the crop is still growing, provided tlie root-system 
is in contact witli growth-water in some other part of the soil moss."'’ 

Brings, L. J., and Shantz, H. h„The Wiltinff Coe/fictent jor Differnit PlaiUsand 
its Indirect Determination^ U.S. Department of Agrirulturo, Bureau of Plant Indiifitry, 
Bulletin 230, 1912, pp. 

Botanical Qmette, 58, p. 613, 1912. 

^ Journal of AgricuUnrnl Science, 2* 1908, p. 334. ** Op, rtf, 

^ A.S the plant approaches a wilted condition its transpiration is reduced. Further- 
more, as soon as wilting occurs it is necessary to transfer the plant to a saturated 
atmosphere, in order to determine whether the observed wilting is temporary or per- 
manent. Consequently dunng the final stages of a wilting coefficient determination 
the transpiration rate is greatly reduced. 

^ Briggs and Shantz, op, cit, 

Briggs and McT^ne, Jour, Am, Soc, Agron, 2, 1910, p. 138. 

Brig^, Jj, J., and Shantz, H. L., 'Application of Witting Coefficient Determi- 
nations to Agronomic Investigations,* Jour, Am, 8oe, Agron, C lOlU p. 260. 
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iSriiiNu .\Viij:at. Akkon, Coloaado, 1911. Fallow. Akaox, Coloaalo, 1012. 



Fig. 5. — Moislurc conditions in spring wheat and fallow plats at Akron. Colorado, 
to a depth of G feet. Iho dotted lines represent the wilting cceilieient for 
each foot-section. 


In other words, where the root-system is already established the 
crop is able to' reduce the moisture-content below the wilting coefficient, 
and can use this to supplement the growth-water that it is drawing 
from lower levels. {See fig. 5, 1911.) On the other hand, crop-plants 
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show no tendency to send new i^ts into soil in which tlio moisture- 
* content is reduced to the wilting coeiBcient. , (6"ee 6, 1911.) 

^ An example of the application of the wilting coefficient to the inter- 
pretation of moisture determinations is shown in the accompanying 
measurements by W. M. Osborne at Akron, Colorado (fig. 6). The 
change in moisture during the season in each fool-section to a depth of 
6 feet is shown graphically by the solid lines. The dotted lines 
represent tlie wilting coefficient for each foot-section. The first chart 
(1911) represents the moiskme conditions under a crop of spring wheat 
during a dry season, the crop being practically a failure. It will be 
seen that in the spring there was available moisture in small amounts 
to a depth of 6 feet, the greater part being in the upper 3 feet. 
The crop had removed the growth-water from the first foot by Juno 1 ; 
from the second and third feet by June 15; from the fourth foot by 
July 15; while the fifth and sixth feet still conl-ained a limited anioiinl 
of growth-water at haiv^est time, althougli the moisture had ho(ui 
reduced in each case. 

The second chart (1912) shows the moisture conditions in the 
same plat during the next summer while the land was in fallow. At 
the lime tne spring samples were taken the moisture-content of the 
surface foot of soil was practically u]) to the field-carrying capacity of 
this soil. \Yith the advent of the seasonal rains the snrCace fool iiegau 
to deliver to the section ))elow. It will he noted that the changf‘ in 
moisture-content does not take place simultaneously through the soil- 
mass, but is progressive from foot to foot, each section delivering water 
to the section below a.s it rises to its field-canying capacity. When 
the moisture supply is below a certain’ perceiilage, dependent upon 
the soil in question, capillary adjustment in that soil is very slow. 
Plants in order to avail themselves of all the growth-water must 
consequently develoj) a root-system which permeates Uie soil-mass 
from which w’ater is being drawn. Tn other words, when the moisture 
supply is limited the capillary distribution becomes so slow as to be 
effective only through very small dislaneos. Plants having a coarse 
root-system, such as maize, wlien used as indicator-plants, might be 
expected to give a somewhat liigher wilting cocflicient than plants 
with fine root-systems like the small grains, and this has been observed 
to be the case.*’ 

The first chart in fig. 6 represents the moisture conditions as 
measured by J. 0. Thysell ** in a barley plat at Dickinson, North 
Dakota, during the dry season of 191 1. This plat is normally seeded 
to barley each year. Insfioction of the chart will show that at the 
beginning of the season the moisture-content of the second and thiid 
feet was at the wilting coefficient, to which it had been reduced by 
the preceding crop. A good supply of growth-water was present in 
the l^urth, fifth, and sixth feet of the soil, but the roots were unable 

^ Office of Dry*Land Agriculture In Co-operation urith the Office of Biophysical 
Investigations. 

^ Briggs and Shaniz, op. ciL 

^ Office of Dry-liand Agrioultui-e in Co-operation with tlic Office of Biophysical 
Investigations. 
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Barlkv. Diokinson, N.D., 1911. Barley. Dickinson, N.D., 1913, 



Fio. C.— Moisture conditions in a barley plat at Dickinson, North Dakota. Tlio 
dotted lines represent the wilting coefficient for each foot -section. 


to penetrate the intervening dry layer, and tlie crop was a failure. 
In 1912 tlie crop was destroyed by hail, so that the plat was virtually 
in fallow during this season. The rainfall in 1912 was ample and tlie 
soil was well supplied with water in tlie spring of 1913, as shown 
in the second part of the chart. During this year a heavy crop of 
barley was grown, which was produced in part with water present in 
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llio soil ill 1011, bill nn;\vnilabU.‘ lo llic 1011 crop beoai sc llic inicr 
vcninpf soil was mliiccd to (he wilting (‘mMVicHMifc hcf »ro ihc rooi. 
system was established. It would he dillieult to inierprei thesj 
moisture conditions without the aid of tlie wilting coefheient detenniuM' 
lions, especially where the moisture-retentivity of the soil and sub- 
soil is not tlio same, as in the ease of tho Dickinson soils. 

The growth-water content at seedtime and harvest in two plats .u 
Akron, (\dorado, is shown graphically in fig. 7 for six y(*ars. These 
plats form part of the cultural experiments of the Office of Dry-Iian<l 
Agriculture, and are continuously cropped to spring wheat, A being 
spring-ploughed and B fall-ploughed. The. width of the shaded 
portion in each foot-section shows the amount of growth-water. It 
will be noted that the growth-water was in every instance practically 
exhausted at harvest-time, with the exception of the surface- foot, wliich 
ill some instances had been moistened by rains near the harvest 
pencil. It also appears that at this station the time of ploughing has 
little influence on the soil moisture-content. 

Mahitpnaiice of Ihe FprtUity of Ihc Dnj-Fnrm. 

The maintenance of fertility under a systt?m of continuous grain- 
farming, such as is practised in many dry-farming sections, bids fair 
to become a inoM^ and more serious problem as tlie \(‘ars advance. 
The period of cultivation of much of the dry-farm land has ht‘en so 
short as to afford no information on this point. In nnv event, it I'i 
hardly a problem that can he taken up with the man who breaks the 
Nirgin land. Ilis first coneern is for bread, and his chief desire is to 
draw n[)on the ro-^ouix-es of his land to its fullest capacity. It is onl\ 
after o marked ih'iM'case in ])rodiiftkai has occurred ihat he will listen 
measures dcsi^uerl to maintain the fertility of the soil. Happily, 
giain-farniing a.s practised on Si^nw ot the o)dt*st dn -farms in rial; 

iwd vet appear to have dimiui>h<s\ t\ie productive ness ot \\\e sca\. 
This is doubtless due in pari at least to the fact that the wheat has 
been cut w ith a lioader for more recently w ith a combined liarveslci i. 
which leaves most of the .straw on tho land. Stewart and Hirst 
have found that the humus and nitrogen content of the surface soil (jf 
the wlieat lands farmed for tem years or more lias not fallen below 
that of adiacent virgin soils. Tn an earlier investigation, Stewart 
found that the oldest wheat land.s in Htah, under cultivation for fourteen 
to forty-one years, either continuously or by summer- fallowing methods, 
hod sliowetl no loss in humus or nitrogen in the surface-foot. Tho second 
ff)ot of the cullivated soils sliowed, how'ever, a sliglitly lower nitrogen- 
content than the virgin land. The yield also appears to have been 
maintained. 

A W'anton waste ot organic matter occurs in many dry-farming 
sections in the northern Great Plains and in Galifornia. The stubble 
'is burned to make the ploughing easier and to destroy w'eed-secds, and 
the straw-stacks arc burned in the field because they are in the path 
ot the ploughs. As the ploughing-seasoii approaches, the liorizon is 

® Jour, Am. Soc. Agron. 6* 49, 1914. 

Utah Experiment Station, Bulletin 109, 1910, 
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oll(*n li^liiod ill. in o,vory direction by the flames of the burning 

slacks, liven where the straw alone lias been removed, grain-farming 
in the C.ieal Plains has resulted in a marked dee.rense in tlie nitrogen 
and Imiiins of the soil. AKvay '^' has sliown that the cultivation of 
Hie loe 'S soils of Nebraska has been accompanied by a marked re- 
(liiclioi- in nitrates, total organic matter, and humus. lie attributes 


A\ AiFABLE Spring and Harvest Moistcre content. Akron, Colorado. 
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Fin. 7. — Crowth-water at soed-time and harvest in spring -ploughed (A) and fall- 
ploughed (B) plats continuously cropix^d to grain. 

tlie. greatest loss of these components to the washing or blowing away 
of the surface soil. 

Snyder®^ found that, the loss of nitrogen from four Minnesota 
grain-farms in ten years was from four to six times tliafc removed 
by tlie crops. ' This loss he attributes to the rapid breaking-up of the 

Bulletin 111, Nebraska Experiment Station, 14)09. 

Bulletin 94, Minnesota Experiment Station, 1006. 
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humus^ glider cultivation, Where legumes ^ere grown, brop-rotalioqs 
practised, live-stock kept, and tiie farm-manure used, the nitrogen 
content of the soil was maintained. This practice the dry-fanner of the 
Great Plains must eventually adopt as far as his conditi||p8 will permit, 

^ if a permanent agriculture is to be assured in these sections. The 
American dry-farmer has much to learn from Australian practice in 
tlic use of stock, especially sheep, , on the dry-farm, ' , 

The Water-requiroment of Different Dry-Farm Crops, 

A word must be said in regard to the importance of considering 
the water-requirement of crops grown on the dry-farm. Other things 
being equal, those crops which arc most etlicient in the use of water 
are obviously best adapted to dry-land conditions. Tlie great success 
of millet, sorghum, and maize in American dry-farming is due in part 
at least to their remarkable efficioucy in the use ol water. The am(>v\n\. 
of water required for the pixxluction of a pound of dry matter of some 
strains of alfalfa is four times that required by milled where the two 
crops are gi'owing side by* side. Different varieties of the same f ro| 
often exhibit wide differences in water-requirement. The folh>wing 
figures i^epresent the range in water-requirement due to vnrietnl diffca* 
cnees as measured by Briggs and Shantz in the Great Plains. 


Table III. — Varktul Range in the irff/er-rcquirement of different Crop^, 
Crop 


PouihIs water required to produce one pound of dry 
matter of the 


Most cfReient variety 


Least efiieieiit xarietv 


1 

lb. 

oz. 

lb. 

07. . 

Millet .... 

261 

15 . 

444 

9 

Proso .... 

208 

I * 

.341 

10 

Sorghum .... 

285 

.3 

4*i7 

9 

Maizo .... 

.*115 

3 

413 

.7 

Wheat .... 

473 

8 

550 

4 

Barley . . .^ . 

502 

4 

578 

1.3 

Oats 

559 

8 

622 

0 

Clover . . . . ’ 

789 

9 

805 

8 

Alfalfa .... 

651 

12 

903 

9 


These wide crop and varietal differences in water-requirement 
suggest great possibilities in the development of strains for dry-land 
condition^ In fact, the measurement of tlie water-requirement affords 
a novel and promising method of attack in the breeding and selcc.iion 
of dry-land crops. 

Jour, Agrirulturd Research, U.S. Department of Agnoulture, 3, **58, 1014. 
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SFCTfOx A.— MATIIEMATICAfi AND TIIYSICAL SCIENCIv 

PHi:srni:\T of tiih Sfc'Tion : 

Profossrir T. TnoiTov, AF.A., Rc.lX, F.R.R. 


MkLUO! HNK. 

Finn AY, AUGUST U. 

Ill lilt' absence of tlie Presitlenl, his Afhlress was read by Professor 
A. W. JViR'iKR, F.R.S. 

We have lost since the last mooting of the Section several distinguished members 
who have in the past added so much to the usefulness of our discussions. These 
include Sir Robert Pall, who was one of our oldest attendants, and was President 
of the Section at the Manchester Meeting in 18S7 ; Professor Poynting, who was 
President of the Section at Dover in 1899; and Sir David Gill, who was 
President of the Association at Leicester in 1907. 

It seems appropriate at this meeting in the City of Melbourne to mention one 
who passed away from his scientific labours soniewdiat previous to the last meet- 
ing. I allude to W. Sutherland of this eity, whose writings have thrown so 
niiicli light on Molecular Physics and whose scientific perspicacity was only 
ecpiallcd by his modesty. 

This meeting of the British Association will be a memorable one a.s being 
indicative, as it were, of the scientific coming of age of Australia. Not that the 
maturity of Australian science was unknown to those best able to judge ; indeed 
the fact could not but bo known abroad, for in England alone there are many 
workers in science hailing from Australia and New Zealand, who have enhanced 
science with their investigations and wdio hold many important scientific po.sts 
in that country. In short, one finds it best nowadays to ask of any young 
investigator if he comes from the Antipodes. 

This speaks well for the Universities and their staffs, who have .so successfully 
set the example of scientific investigation to their pupils. 

Radio-activity and kindred phenomena seem to have attracted them most of 
late years, and it would perhaps have been appropriate to have shortly reviewed 
in this address our knowledge in these subjects, to which the sons of An.=<tralasia 
have so largely contributed. 

Twenty-five years ago FitzGerald and others were speculating on the possi- 
bility of unlocking and utilising the internal energy of the atom. Then came the 
epoch-making discovery of Becquerel, to be followed by the brilliant work of 
Rutherford and others showing us that no key was required to unlock this 
energy — the door lay open. 

We have still facing ns the analogous case of a hitherto untapped source of 
energy arising from oiir motion through the ether. AH attempts, it is true, to 
realise this have failed, but nevertheless he would be a bravo prophet who would 
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deny thii possibility of tapping ibis onorgy despite the ingenious theories nC 
relativity which have been put forward to explain xnattere away. There is no 
doubt but that up to the present nothing hopeful has been accomplished towards 
reaching this energy and there are grave difficulties, in the way; but ‘Relativity * 
is, as it were, merely trying to reipooTethe lion in the path b;^ laying down the 
general proposition ^at the existence of lions is an imj^ibility. The readiness 
with which the fundamental hypotheses of ‘ Relativity^ were accepted by many 
is characteristic of present-day Physics, or perhaps, more correctly speaking, 
is an exaggerated example of it. 

Such an acceptance as this could hardly be thqufid^t of as taking place half -a- 
century ago, when a purely dynamical basis was expected for the full explanation 
of all phenomena, and when facts were only held to be completely understood if 
amenable to such treatment; while, if not so, they were put temporarily into 
a kind of suspense account, waiting the time when the phenomenon would 
succumb to treatment based on dynamics. 

Many things, perhaps not the least among them radio-activity, have conspired 
to change all this and to produce an attitude of mind prepared to 1)6 content with 
a much less rigid basis than would have been required by the Natural Philo- 
sophers of a past generation. These were the sturdy Protestants of Seicnco, to 
use an analogy, while we of the present day are much more catholic in our 
.<tcientific beliefs, and in fact it would seem that nowadays to be used to anything 
is synonymous with understanding it. 

Leaving, however, these interesting questions, I will confine my remarks to a 
rather neglected comer of physics, namely, to the phenomena of Absorption and 
Adsorption of solutions. The term Adsorption was introduced to di.stinguiNh 
between Absorption which takes place throughout the mass of the ah.«orbing 
material and those eases in which it takes place only over its surface. Tf, for 
instance, glass, powdered so as to provide a large surface, is introjluced into a 
solution of a salt in water, we have in general some of the salt Waving liie body 
of the solution and adherinjj in one form or other to the surface of tlie it 

is to this the term Adsorption ha.s been applied. Phy.'sicist.s have now begun t<» 
take up the que.stion seriously, but it wa.s -to Biologists, and especially Physio- 
logical Chemists, that most of our knowledge of the .subject in the past wa.'* duo. 
the phenomenon being particularly attractive to tliem, seeing that so many of the 
processes they are interested in take place across surfaces. 

As far as investigations already made go the laws of Ad.sorption appear to be 
very complicated, and no doubt many of the conllicting experimental re.sults 
which have been obtained are in part due to this, workers under somewhat 
different conditions obtaining apparently contradictory effects. 

On the whole, however, it may be said that the amount adsorbed increaso.s 
with the strength of solution according t-o a simple power law, and diminislu s 
with rise of temperature; but there are many exceptions to these simple rules. 
For instance, in the case of certain sulphates and nitrates the amount adsorbed 
by the surface of, say, precipitated .silica only increases up to a certain critical 
point as the strength of the solution is increased. Then further increase in the 
strength of the solution ^uses the surface to give up some of the salt it lias 
already adsorbed, or the amount adsorbed is actually less now than that adsorbed 
from weaker solutions. Beyond this stage for still greater concentrations of the 
solutions the amount adsorbed goes on increasing as before the critical point was 
reached. 

There is some reason for thinking that there are two modes in which the salt 
is taken up or adsorbed by the solid surface. TTie first of them results from a 
simple strengthening of the solution in the surface layers; the second, whiih 
takes place with rather stronger concentrations, is. a deposition in what is 
apparently analogous to the solid form. It w'ould seem that the first reaches out 
from the solid surface to about 10*^ cm. — which is the order of the range of 
attraction of the particles of the solid substance. 

The cause of the diminution in the adsorption layer at a certain critical value 
of the concentration is difficult to understand. Something analogous has been 
observed by Lord Rayleigh in the thickness of layers of oil floating on the surface 
of water. As oil is supplied the thick^s goes on increasing ui> to a certain 
point; beyond this, on further addition of oil, the layer thins itself at some 
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placcb and bccumcB uiuch thicker at othera, interinediate thicknesses to these 
i)cing apparently unstable and unable to exist. As helping towards an explana- 
tion of the diminution in the adsorption layer, we may suppose that as the 
strength of the solution is increased from zero, the adsorption ia at first merely 
ail increased density of the solution in the surface layer. For some reason, 
after this has reached a certain limit, further addition of salt to the solution 
renders this mode of composition of the surface layers unstable, and there is a 
breaking up of the arrangement of the layer with a diminution in its amount. 
We may now suppose the second mode of deposition to begin to show its effect 
with a recovery in the amount of the surface layers and a further building up of 
the adsorption deposits. 

On account of passing through this point of instability the process is 
irreversible, so that the application of thermo-dynamics to the phenomenon of 
adsorption is necessarily greatly restricted in its usefulness. 

A possible cause of the instability in the adsorption layer whidi occurs at 
tlic critical point may bo looked for in tlic alternations in the sign of the mutual 
forces betw^ecn attracting particles of the kind suggested by Lord Kelvin and 
others. Within a certain distance apart— the molecular range — the particles of 
matter mutually attract one another, while at very close distances they obviously 
must repel, for two particles refuse to occupy the same space. At some inter- 
im diatc distances the force must pass through zero value. It has for various 
reasons been thought that, in addition, the force has zero value at a second dis. 
laneo lying between the first zero and the molecular range, with accompanying 
alternations in tho sign of the force. Thus, starting from zero distance apart 
of the particles, the sign of the force is negative or repulsive; then, a.s the dis- 
tance apart is sufifioscd to increase, the force of repulsion diminishes, and after 
}»a.ssing through zero value becomes positive or attractive; next, as the distance 
in increased tiic forco diminishes again, and after passing through a second zero 
becomes negative for a second time; finally, the force on passing through a third 
zero becomes po.'iitive, and is then in the stage dealt with in capillary and other 
qnestiuns. 

As an iii.stance of where ihe.se alternations of sign .seem to be manifest, may 
be nnmtioned the ca.««e of certain crystals when split along cleavage planes. The 
.split often rums along further than the position of the splitting instrument or 
in.serted wedge seems to w'arrant. Tin's would occur if the particles on either 
side of tho cleavage jjlaiie were situated at the distance apart wliere the force 
hetwcHjn them was in the fii>t attractive condition, for then, on increasing the 
ilistaiice between the particles by means of the wedge, the force chaiige.s .‘sign and 
hecoincs repulsive, thus helping the splitting to be propagated further out. 

Assuming tliat a repulsive force can supervene between the particles in the 
adsorption layer, through the particles becoming so crowded in places as to 
reduce their mutual distances to the stage when repulsion sets in, we might 
expect that an instability would be set up. 

As already stated, a rise in temperature reduces in general the amount 
adsorbed, but below the critical point the nitrates and sulphates arc exceptional, 
f«)r rise in temperature here increases the amount adsorbed from a given solution. 
This obviously necessitates that the isothermals cross one another at the critical 
])oint in an Adsorption-Concentration diagram. This may perhaps account for 
stmic observers finding that adsorption did not change with temperature. We 
have another exception to the simple laws of adsorption in the case of the alkali 
chlorides; this exception occurs under certain conditions of temperature and 
strength of solution. The normal condensation into the surface layer is reversed 
and the salt is repelled into the general solution instead of being attracted by 
the surface. In other words, it is the turn of the other constituent of tlie 
solution, namely, tho water, to be adsorbed. 

It is a very well knowm experiment in adsorption to run a solution such as 
that of permanganate of potasli through a filter of sand, or, better, one of 
))recipitatcd silica, so as to provide a very large surface. The first of the solution 
to come through the filter has practically lost all its salt owing to having been 
adsorbed by the surface of the sand. 

I was intei^sted in finding a few months ago tliat Defoe, the author of 
‘ Uobiiison Crusoe,’ in one of his other books, depicts a party of African travellers 
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as beiii^ saved fioiii thirst in a place where the water was charged with alkali 
by filtering the water through bags of samh Whether this is a practical tiling 
or not is doubtful, or c\eri if it has ever iH^en tried ; for it is only tho first part uf 
the liquid to come through the filter which is purified, and very soon the anrfaco 
has taken up all the salt it can adsorb, and after that, of course, the solution 
cimu's through intact. It ia intevesVvny;, \\nNNe\eY, to know so \on<;^ vn^o aa 
Defoe’s time the phenomenon of adsorption from salt solutions had been 
observed. It is not so well known that in the ca.se of some salts under the » ir- 
cinnstancos mentioned above, the first of the solution to come through the sand 
filter is stronger instead of weaker. This, as already mentioned, is because 
water, or at least a weaker .solution, forms the adsorption layer. 

Most of the alkali chlorides as the temperature is raised show this anomalous 
adsorption, provided the strength of the solution i.<» below a certain critical \aliio 
differing for each temperature. For strengths of solution above these ^ allies 
the normal plieiionienon takes ])lace. 

No investigations scimii to have been made on tlie effect of pressure on udsoiq)- 
tion. These data are much to be desired. 

The investigation of adsorption and absorption should throw light ou Osmo-iis, 
a.<5 in the first place the phenomenon occurs acros.s a surface neee.sMarily (ovtu-ed 
with an adsorption layer, and in the second place, as wo shall see, the final con 
ditiou is an equilibrium between the absorption of water by the solution and that 
by the membrane. 

The study of the coiidition-s of absorption of water throughout tlic mass of the. 
colloidal substance of which o.suiotic membranes are made is of much inteio.'st. 
Little work has been done on tlie subject as yet, hut what little has hern done is 
very promising 

It is convenient to call the material of whi« li a seiiii-perineahle meiuhraiie is 
made the semi-permeable medium. The ideal semi permeable medium w ill not 
absorb any salt from the .solution, but only water, hut such perfection is probaldy 
seldom to* be met with. If a semi-permeable medium such as parchment paper 
be immersed in a solutiiui, say, of sugar, less water is taken up or absorbed than 
is the case when the in»mer.sion is in pure waiter. I’he diminution in the amount 
absorbed is found to increase with the ^trongth of tho .solution. It is at the 
same time found that the absorption or release of WMter by tlie semi-permeablc 
medium according as the .solution is made weaker or .stronger is accompanied by 
a sw'elling or shrinkage greater than cap be accounted for by the water taken up 
or rejected. 

The amount of water ab.sorbed by a semi-permeable niediiim fr«un a solution 
is found by experiment to depend upon the hydrostatic pressure. If the pressure, 
be increased the amount of water absorbed by the semi-permeable medium is 
increased. It is always thu.s possible by the application of pressure to force the 
semi-permeable medium to take up from a gi\en solution as mucli water as it 
takes up from pure wat-er at atmospheric pre.^surc. 

It is not possible for a mass of such a medium to be sinuiltanejju.sly in l oii 
tact and in equilibrium with both pure water and with a ."solution all at one and 
the same pressure, seeing that the part of the medium in conlai t with the pure, 
water would hold more water than that part in contact with the solution, and 
consequently diffusion would take place througli the mass of the medium. 

If, however, the medium be arranged .so as to separate the solution 
and the water, and provided the medium is capable of standing the nece.ssary 
strain, it is possible to increase tho pre.S8ure of the solution without increasing 
the pressure of tlic water on the other side. Thus the part of the medium which 
is in contact witli the solution is at a higher pressure than that part in contact 
with the pure solvent ; consequently the medium can be in equilibrium with both 
the solution and the solvent, for if the pressures arc rightly adjusted tho moisture 
throughout the medium is everywhere the .same. 

The ordinary .arrangement for showing osmotic pressure is a case such as we 
are considering, and equilibrium throughout tho membrane is only obtained when 
the necessary difference in pressure exists between the two sides of the 
membrane. 

This condition would eventually be reached no matter how thick tlic mem- 
brane was. It is sometimes helpful to think of tho membrane as being vei'y 
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thick. It precludes any temptation to view molecules as shooting across from one 
liquid to the other through some kind of peepholes in the membrane. 

Tlio advantage of a thin membrane in practice is simply that the necessary 
inoiHtiiro is rapidly applied to the aetivo surface, thus enabling the pressure on 
the side of the solution to rise quickly, but it has no effect on the ultimate 
equilibrium. 

As far as that goes, the semi permeable membrane or saturated medium 
iniglit be infinitely tliick, or, in other words, there need be no receptacle or place 
for Jiolding the pure solvent outside the membrane at all. In fact, the function 
of tlic recei)tacle containing the pure solvent is only to keep the medium moist, 
and is no more or no less important than the vessel of water supplied to the 
gauze of the wet-bulb thermometer. It is merely to keep up Uie supply of water 
to tlie medium. 

The real field wlicre the plienomeiion of osmosis takes place is the surface of 
separation between the saturated semi-i>ermeable medium and the solution. 
Imagine a large mass of colloidal substance saturated with water and having a 
cavity containing a solution. The pressure will now tend to rise in the cavity 
until it reaches the osmotic ijressure — that is, until there is established an equi- 
librium of surface transfer of molecules from the solution into the medium and 
back from the medium into the solution. 

No doubt, the plu-nomcnon as thus described occurs often in Nature. It is 
juht possible that the high-pressure liquid cavities which mineralogists find in 
certain rock crystals have been formed in some such manner in the midst of a 
mass «»f scmi-pcnneable medium; the pure solvent in this case being carbon 
dioxide and the medium colloidal silica, which has since changed into quartz 
crystal. 

Jn coii.sidcriiig equilibrium l>etween a saturated semi-permeable medium 
and a solution there seems to me to be a point which should be carefully con- 
sidered before being neglected in any complete theory. That is, the adsorption 
layer over tlic surface of the semi-permeable medium. We have seen that solu- 
tions are profoundly modified in the surface layers adjoining certain solids, 
through concentration or otherwise of the salts in the surface layer, so that the 
actual equilibrium of surface transfer of water molecules is not between the 
unmodified solution and the semi-permeable medium, but between the altered 
solution in the absorption layer and the saturated medium. Actual determina- 
tions of the adsorption by colloids are much wanted, so as to be able to be quite 
sure of wkat this correction amounts to a||||even if it exists. It may turn out to 
be zero. If there is adsorption, how^ever, it may possibly help to account for part 
of the unexpectedly high values of the osmotic pressure observed at high con- 
centrations of the solution, the equilibrium being, as w'e have seen, between the 
saturated medium and a solution of greater conct*ntration than the bulk of the 
liquid, namely, that of the adsorption layer. In addition, when above the 
critical adsorjition ])oint, there may be a deposit in the solid state. This may 
)»roduce a kind of polarised equilibrium of surface transfer in which the molecules 
which discharge from the saturated medium remain unaltered in amount, but 
those which move back from the adsorption layer are reduced owTng to this 
deposit, thus necessitating an increase in pressure for equilibrium. If either 
or both of these effects really exjst, it w’ould seem to require that the pressure 
should bo higher for equilibrium of the molecular surface transfer than if there 
were no adsorption layer and the unaltered solution wrere to touch the medium, 
but at the same time it should be remembered that there is a second surface 
where eiiuilibrium must also exist- -that is, the surface of separation of the 
adsorptiun layer and the solution itself. It is just possible that the two together 
cancel each other’s action. 

Quantitative determinations of absorption by solid media from solution are 
hard to carry out, but with a liquid medium are not so diflicult. Ether con- 
stitutes an excellent semi-pcrmeahle medium for use wdth sugar solution, because 
it takes up or dissolves only a small quantity of water and no sugar. A series 
of experiments using these for medium and solution has shown (1) that the absorp- 
tion of water from a solution diminishes with the strength of the solution ; and 
(2) that Uie absorption of water for any given strength of solution increases with 
the pressure. This increase wdth pressure is somewhat more- rapid than if it 

rji4. u 
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urere in propoition to the preesnro. On the other luind, from pure ^vuter ciiter 
absorbs in excess of normal almost in proportion to the pressu] Certainly this * 
is so up to 100 atmospheres. This would ^o to confuin the htiggestioii already 
made that the departure from proportionality in the osmotic L'rcssure is aitri* 
butable to absorption. 

By applying pressure ether can be thus made to take up the ^ame quantity of 
water from any given solution as it takes up from pure water at atmospheric 
pressure. It is found by experiment that this pressure is the osmotic pressure 
proper to the solution in question. 

Decidedly the most interesting fact connected with the whole question of 
osmotic pressure, the behaviour of vapour pressures from solution, and the 
equilibrium of molecular transfer of solutions with colloids, is that discovered 
by van 't Hoff, that the hydrostatic pressure in question is equal to what would 
be produced by a gas ihaving the same number of particles as those of the 
introduced salt. Take the case of a mass of colloid or semi-perracablc medium 
placed in a vessel of water; tlio colloid when in equilibrium ut atmospheric 
pressure holds what we will call the normal moisture, lly incrc.'isiiig the pressure 
this moisture can be increased to any desired amount. Now, on introducin;: 
salt the moisture in the colloid can be reduced at will The question is, What 
quantity of salt must bo introduced just to bring back th. amount of the 
moisture in the colloid to normal'if Here we get a great insight into the internal 
mechanism of the liquid state. The quantity of s.ilt required turns (»ut to hi*, 
approrimately at least, that amount which if in tlie gaseous state would protiucf 
the pressure. JSo that normality can be either directly restored by removing tlx* 
pressure or indirectly by introducing salt in quantity which just takes up tlx* 
applied pressure. That this is so naturally suggested that the salt, .'ilthougli 
compelled to remain within the confines of the liquid, nevertheless prodiicos tlx* 
same molecular bombardment a.s it would were it in the gaseous state, tlxuigh of 
oair^o tlie free p.atli must bi* viewed as ciiormou&Iy restricted ronip.'ired with that 
in the gaseous state. 

Many have felt a dithculty in accepting this view of a molecular hnmhanl- 
inerit occurring in the licpiid state, hut of recent years mm h light has been 
thrown on the subject of molecular movemenU in liquids, espouaily by Perrin’s 
work, so that miuh of the ba.<is of this dillieulty mny he fairly (on.^idered as miw 
removed. 

Quito analogous to tlie redmtlun from tlic iioriiial of the moisture held by a 
semi-permeable medium brought abodPby the addition of .salt to the water, is 
the reduction in the vapour pressure arising from tlie pre.sencc of a s.'ilt in the 
water. The vapour pres.sure is likewise iiicrea.<>‘ed by the appiiiation of hydro- 
static pressure, which may be effected by means of an inert g.is. In both cases 
the hydrostatic pressure which must be applied Vo bring back to normality i.s 
equal to that which the added salt would excot if it wore in the .'-late of vapour, 
or, in other words, the o.^motic pressure. 

The two cases are really very similar. In both there is equal molecular tran.'^fer 
backwards and forwards acro.ss the bounding surface. In the one a traualer 
from that solution to the serni-porineablc medium and bark from it into the 
solution. In Uic other a transfer from the solution into the superamhiont vapour 
and hack from it into the solution. 

The processes are very similar, namely, equal molecular transfer to and fro 
across the respective surfaces of xSi*paration, 

Thus we may in the case of o.^iniotic equilibrium attribute the plicnoincnon 
with Callender to evaporation, but not evaporation in its jvstrii ted sense, from 
a free surface of liquid, but as we have seen from a saturated collodial surface 
into the solution. This process might perhaps be better referred to as molecular 
emigration, the term migration being already a familiar one in connection with 
liquid phenomena. 

The following Report and Papers were then read : — 

1. Report of the Committee to Aid ut hhlablUhimj a St^lar Physics 
Observatory in Anstralia . — Sec Reports, p. 74, 
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2. Mount Slronilo Ohservaiory, By P. Baracciii. 

Thu Government of the Commonwealth^ wishing to define a spot within the 
Federal Territory the meridian of which should be adopted as the Prime Meri' 
dian of Australia, to serve as the common longitude datum for all State surveys^ 
decided to mark the spot by erecting upon it a small astronomical observatory 
which, if the selected site proved to be sufficiently good for the most delicate and 
important class of astronomical observation and research, was to be expanded 
and equipped as a modern observatory of the first order, including a department 
for the study of the sun. 

The site was selected in the year 1910 ; a concrete structure with an eighteen- 
foot dome was subsequently erected, and a nine* inch refractor by Grubb, equa- 
torially mounted, was installed in September 1911. 

With this instrument astronomical observations, visual, photographic and 
spectroscopic, were carried out during one week of each month in the year 1912 
and till April 1913, after which sufficient evidence was collected to show that the 
site was suitable for a first-class observatory. 

Since then this observatory has remained inoperative pending the decision of 
the Government as to its future. 

In this paper the site of the observatory, the instruments, and the vrork done 
were briefly described, with the object of placing sufficient information about this 
jnatter before the British Association to enable it to recommend to the Common- 
wealth Government the general lines on which this observatory should be 
enlarged and equipped, and what should be tlie programme of its future work. 

Pioofs of ihc S7uPs Varhihihiy. By C. G. Abbot. 

It lias been shown by experiments of the Smithsonian Astrophysical Observa- 
tory conducted simultaneously at Blount Wilson in California and Bassour in 
Algeria, in the years 1011 and 1912, that the values of the intensity of the solar 
radialicui outside tlie alnio.spherc estimated by spectroboloinolric observations at 
the two stations on the same days are, within the limits of error, identical. The 
measurements at the two stations agreed within an average deviation of about 
1 per cent. It appeared, however, that the values of the solar constant of 
radiation obtained ileviatod ov'er a range of nearly 10 per rent, during the con- 
timiaiice of tlic expeditions. This delation was observed at both stations, 
so that if high values were obtained in California high values were obtained 
simultaneously in Algeria, and r/ce versa. Professor Turner has computed, from 
the nb.sorvations, the coefficient of correlation between the results at the two 
stations. Tic finds tliis rooffirient to be 52 per cent, plus or minus 7 per 
rent, if all the observations are used. Rejecting three observations of extreme 
doubtfulness, tlie correlation coeflicient rises to 60 per cent. This furnishes very 
stn)T)g evidenre of tlie variability of the sun. which appears to be irregular in 
period atid irregular in amplitude, but may range over a course of 5 per cent, 
or evcMi more within the lapse of a week. 

Measuronicnts of the solar constant of radiation have been conducted on 
Blount Wilson in California by the Smithsonian Astrophysical Observatory for 
about eight years, though unfortunately the observations have been confined to 
the months of summer aiul autumn, when the sky is favourable there for them. 
It is highly important that such work should ho taken up at another station, or 
preferably at several other stations, wdiere favourable conditions of the sky 
would ho found in the other months of the year. 

When the monthly mean values of the solar constant as obtained on Mount 
Wilson are compared with the sun-spot numbers of Wolfer, it is found that 
increased sun-spot numbers correspond with increased yalues of the solar radia- 
tion and vice versa. Professor Turner has computed the correlation coefficient 
for these two variables as depending upon fifty months of observations, and 
finds this coefficient to be 53 ))or cent, plus or minus 7 per cent. Here also it is 
seen that a strong proof of the variability of the sun's radiation exists. It 
appears therefore that the sun, besides varying from day to day in the manner 
shown by the combined Algerian and Mount Wilson observations, also varies 
from year to year in connection with the march of the sun-spot cycle. 

u 2 
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In September 1913 a tower telescope, forming the image of the snn by the uso 
of miiTors without lenses, and yielding an image of about 9 inches in 
diameter, was made ready in ronneriion with the stafion of the Sniitlisouian 
Astrophysical Observatory on IVfount Wilson. The image of tlie sun is caused 
to fall upon the slit of a spectrobolometer, which slit for this purpose is only 
about three eighths of an inch in height. By stopping the lUxk of the telescope 
the solar iina,ge drifts centrally across the slit of the spectrobolometer, owing 
to the diurnal rotation of the earth. There is thus produced, by automatic 
registering of the indications of the bolometer, a curve of distribution of in- 
tensity along the diameter of the sun's disk. This curve takes the form of a 
letter (J. The length of the straight side.s of the (J may bo taken a.s represent- 
ing the intensity of the solar radiation at the edge of the sun’s di.sk, and the 
height of the (J to the centre of the curve may be taken as repre.senting tlm 
intensity of the radiation at the eeiifre of the (h<k. 'I'lni.s a contract of (lie 
i»»tonsity of rudi.-ition ah>ng the diameter of the sun is made manifest, i^hscr 
vations wore made on nearly fifty days of the year lOld with tlli-^ apparatus, ainl 
on each day tlie distribution inten.nty nf seven different wa\ 4 * lengths of the 
.spectrum between 3,7iH) juigstroms and lO.tKX) .'ingstrdnis wa.s detiunninxl by 
making two curves at each wave-length. On the same days the sedar comstant 
of radiation wa.s doteriuine<l at Momrt Wilson. 

Work with a similar object, but 4lone in different w.iy.s, h.as bt'en carried 
on by Vogel, Pickering. Langley, Very. Scbwar/.scbild and V^illager. and Abboi 
.and Fowle. It is found by comparison of the distribution cm\es obtained at 
Mount Wilson in 1913 with others obtaitierl by Abbot and l'o^^le in 19i)7, that a, 
change of form of the distribution curve ha.s rircurred between these epoeli*<. 
The contra.st of brightne.«..s between the centre ami eilge of the .«nu in the year 
BX)7 was greater than the contrast found in the year 1913. This is Ncrified at 
all w’ave-leiigths, but the change of contrast is greater f(»r .short wavelengths 
than for longer ones. 

It further appears, by comparison of rcsuU.s of one day with another in the 
year 1913, that a change of contrast of brightness i.s going on all tlio time, 
.similar in irregularity of period and amplitude with the variation of the sun's 
total radiatum which was by compari.^m of .Mount WiUon and lla^.'-cmr 

observations. When the daily v’aliies of the .solar con.<tnnt of radiation obtained 
in 1913 are compared with the distribution of hrightiu'.s.s along tln^ .sun's 
diameter, it is scon that a clo.se. rorrcspoi|jgience of variation (Kcurs Ix'tw'etm tin* 
two. This daily variation i.s of such a nature that when the i-ular constant valiio.s 
increase the con.stant of brightne.ss between the centre and odgtj of the sun 
diminishes. The re.^jult is contrary to that whicli was indicated hy a few 
ob.scrvations of Abbot and Fowle in the year lOOS. It is believed on further 
examination that the results of Abbot ami Fowle in 190S were maile eironeons 
by certain defects in the measurement .s of the solar constant of radiation on tw'o 
or three day.s. The new" results come from nearly fifty days rd observation, and 
are quite definite in sliowing the connection between the variation of the radia- 
tion of the sun and the variation of brightness along the .sun’s diameter. 

It appears, however, that the correlation between solar corn^tant values and 
contrast value.'? between the years 1907 and 1013 is contrary in its sign to the 
correlation between these variables exhibited by the daily inarcli nf values for 
the year 1913. This may point to a greater complexity of the solar problem 
than w"as at first indicated by the ro.sults of Abbot and Fowle. It may be that 
the march of the sun-spot period attends an inlluence in one direction, while the 
march of short-period fluctuations of the solar radiation from day to day attond.s 
a change of contra.st in the other direction. 


4. Discufifiion on ilip. Present Stale aj ihe Problem of Auslralimi 
Ijongilvjes. Opened hy P. lLvR.\c;ciri. 

In Mr. Baracchi’s paper were discus.scd the longitude values assigned to the 
two Australian meridians of Port Darwin and Southport (Queensland); these 
being, respectively, the terminals of the two chains of telegraphically deter- 
mined longitudes carried eastward from Greenwich via India, Singapore, and 
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Port Darwin, in one case, and westward through Canada and the Pacific Ocean 
to Southport (Queensland) in the other case. 

It was also shown that the connection betw^een these two meridians obtained 
by means of the measured longitudinal arcs Fort Darwin -Melbourne, Mclbournc- 
Sydney, and Sydney-South port (Queensland) completes a whole longitude circuit 
round the Karth, with a closing error of less than a hundred feet. 

The reality of such a small error was questioned, chiefly on the ground that 
larger discrepancies wore found in the independent results of certain links whhdi 
liave boon measured more than once. 

It was pointed out that iri order to render the whole of this important longi- 
tude circuit lioinogoiicuus and reliable a re-measurement should be made of the 
arcs Madras Singapore, Singapore-Port Dar\Nin, and Port Darwin-Southport 
(Queensland), adopting tlie highest refinements of modern practice and present 
instruinontal means. 

The object of the paper was to enlist the sympathy of the British Association 
in this matter, and to obtain its advice as to the most practical and efficient plan 
of carrying out tlic work. 


TUKHIJAY, AUGUST 18. 

Joint Medintj ^vith Section B {Chenihtry). 

Discussion on the Structure of Atoms and Molecules. 

Sir Kjinest RuTUEiiFonu (akstract of remarks) ; In recent times there has 
heen an accuin illation of convincing evidence of the independent existence of 
the chemical atom. The atomic theory is no longer merely an hy])othcbis intro- 
duced to c.Kplain the Jans of clieniical combination; we are able to detect and 
count the individual alums. We can determine the actual mass of an atom in 
Nariou.s ways, and know it.s value with considerable accuraiy. The idea that the 
alum is an electrical structure received a great impetus by the detection of the 
electron In’ J. J. Thomson; and, moreover, the Zeeman effect showed that all 
atoms must contain electrons. The atomic chaj’acter of negative electricity is 
well establislied ; we always find the negative electron, how’ever produced, 
t.iriying a definite charge. We have, unfortunately, not the same certainty 
with reg.ird to tlio behaviour of positive electricity, for it cannot be obtained 
e.xcept associated with a ma.^s <‘omparable with that of a hydrogen atom. In 
J. .1. 'J'lioinsoirs model of the atom the positive electricity was supposed 
(for mathematical rea.sons) to be distributed throughout a large sphere with the 
tieg.itiNe eorim.^eles moving inside it. This hypothesis ha.s played a useful part 
in iiidieatiug j)ossible lines of ad\ance; but it does not fit in with more recent 
discoxeries, which jioiiit to a concentrated positive nucleus. 

We have now two powerful methods that aid us in determining tlie inner 
.structure of the atom - the scattering of high-speed particles in transit through 
matter, and the vibrations of the interior parts of the atom. In C. T. R. 
Wilson’s pliolograplis of the tracks of the a particles through a gas wc notice 
many sudden bends in the paths. In order to account for these deflections I 
have found it necessary to believe that there is a concentrated nucleus in the 
atom (having a certain number of units of charge), in which the main part of 
tlie mass resides; outside this there arc a corresponding number of electrons. 
’I’ho whole dimensions of the nucleus are very small indeed compared with the 
distance of the outer electrons. From the scattering experiments it appears 

that the law of force right up to the nucleus is the inverse square law’; no 

other formula would give accordance with the observations. Tlie radius of the 
nucleus is of the order 10- cm. in the case of gold, and for a lighter element 
it is smaller still. The approach of the a particle to the nucleus of the hydrogen 

atom when the latter is set into very swift motion is exceedingly clo.se— a 

distaneo even less than the diameter of an electron. From this it is 
jirobablo that the hydrogen nucleus is simply the positive electron ^Yith a largo 
electrical mass due to the great concentration of the positive charge. Another 
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fact that appears from the scattering experiments is that the uaiuber of eloK 
trons (outside the nucleus) is about half the atomic weight. There is now 
fairly good evidence thati if the elements are numbered in order of atomic 
weighty the numbers will actually express the charge on the nucleus. The rate 
of vibration of the inner parts of the nucleus can now be measured by means 
of the characteristic X-rays emitted. Each substance has several strong lines 
in its X-ray spectrum, and as wo pass from element to element in order of 
atomic weight the frequencies of these change by regular jumps. H. G. J. 
Moseley has investigated all the known elements in this way, and ho is even 
able to show at what points elements arc missing, because nt such points the 
X-ray frequencies make a double jump. In this way he has found that k^tween 
aluminium and gold only throe elements are now missing. Tt is dedured from 
these considerations that there is something more fundamental in thi^ atom than 
its atomic weight, viz., the charge on the niuicu.**, and that this is tlie main 
factor wliich controls the frequency of the interior vibrations, the mass having 
only a slight influence. 

There are certain elements with identieal eliemieal i)roperties. but dilT»*rcnt 
atomic weights. Thus Tladium-B (atomic weight *214) and leail ^207) are 
chemically inseparable and have the same y-my speitnmi. Tt is quite clein 
that some new ci>nception ia re<ptired to explain bow tbo atoms, having the 
structure we have supposed, can hold t<igether. X. Bohr has faced the dilli- 
culty by bringing in the idea of the quantum in a novel wny. At all evei is, 
there is something going on in the atom which is itiexplicable by the oldci' 
mechanics. 

Professor iV&MSTRONC, : Although chemists must admire as Will as welcome 
the bold attempt physicists are making to unravel the structure of tlie 
elementary atom, they cannot yet \Nith advantage dit^enss the conclusions 
arrived at by their colleagues ; the arguments used are so n(»vcl and daring, the 
contentions so original, that at present tliey are not in a position to apprcciatis 
still less to criticise them effectively; in fact, the chemist’s oflice at iho 
moment must be mainly to point out the conditions that a theory must satisfy 
to meet his requirements. He has long been prepared to believe tliat tin* 
materials spoken of as elements may prove eventually to bo compounds; irirloc'd. 
the relationships between them are so similar to tho.‘«c nianifcst between carbon 
compounds, and of such a character, that it is almost necosary to believe in their 
composite nature; but the views that are now advoiated by )>h\sicisls arc 
entirely different from any conceptions that chemists ba\t‘ over entertained and 
cannot ea.sily be assimilated by them. Physicists, unfortunately, in the pa^t 
have hold aloof from chemist.s ; they have paitl too little attention to their 
methods and to their results; the movement now in j)rogrcss is therefore to Ih* 
welcomed, as it must have the effect of le.iding the t'.\o parties in future !<• 
w'ork together to a common end. Hence the value of tlie j.resei't cliscu.'^sion. 

It is doubtful if it be permissible at ))resent to ronrbnh* that elements <il 
different atomic weight may and do exist which are indistinguisbable <hemi 
cally : the observations on which reliance is placed have been made with 
quantities of material far too small to permit of such an inference; in the case 
of the rare earth elements, although very large quantities i>f material have bet n 
at the disposal of chemists, they ha\e only slowly discovered differ(*nees by 
which they arc enabled to distinguisli and separate them. Though the special 
methods made use of by physicists are very )K)vveiful. tliey sufllce only in 
certain cases and have little chemie^al significance; wln*n physici.sts resort to 
chemical methods the work becomes subject to ordinary criteria. 

The^ resemblance of the X-ray spectra of so many elcmcnt.s is undoubtedly 
most significant, but to conclude, on such evidence, that all but very few of 
the elements are discovered is scarcely justifiable; it may well be that most of 
those that are known belong to a certain ‘preferred * type and that a particular 
series is nearly complete, the similarity of the Hpectra being perhaps duo to tlu- 
presence of a radicle common to the series, much as in the case of a serie.s oi‘ 
related benzenoid compounds. In the caso of carbon compounds, of the largi* 
number of series possible, it is well known that certain types are fornu'd 
preferentially, being more stable or more readily produced than others. If the 
<io-called elements are compound substances, it may well be tliat the orcurrenco 
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and prevalence of a certain type is determined in a somewhat similar way— 
that some one type has been preferred. 

An^ theory of atomic structure to be satisfactory to chemists^ must take 
fully into account the peculiar valency relationships that are manifest among 
the elements, as the system of * structural’ formulas now in vogue is based 
solely upon these. The system is admittedly one of extraordinary perfection 
and remarkably simple^ In the case of organic compounds, the rules laid down 
have been found to be applicable and to suffice in so many thousands upon 
thousands of cases that it is impossible to doubt their general correctness; at 
most it will be necessary eventually to translate them directly into some new 
language. It should be pointed out, however, that sO'Called structural formulae 
are to be regarded as condensed symbolic expressions indicative of the general 
behaviour of the compounds represented in terms of certain well-understood 
conventions, rather than as actual representations of structure. For example, 
it is cH.stomary to represent benzene by a regular hexagon, a symbol which is a 
conipleto expre.ssion of the chemical behaviour of the hydrocarbon. But the six 
carbon atoms are not to be thought of as arranged in a plane and in a ring in 
tlio manner depicted by the symbol; such an arrangement is impossible if the 
allinitic.s of the carbon atom act tetrahcdrally. The structure of benzene is 
1 ‘ather to be reprc.sented by a model in which six carbon atoms (represented by 
six large spheres) are arranged three and three, in two superposed layers, union 
taking place iK'twcen an atom in one plane with a contiguous atom in the plane 
above, which in turn united to that in the plane below — so that the atoms 
are connected in zigzag fashion ; and the six hydrogen atoms are to be thought 
(if as severally united to the six carbon atoms in such manner that the hydrogen 
atom is always in a ydano different from that which contains the carbon atom 
\\ilh which it. is rommded. If the ‘ atoms* in such a model axe squeezed down 
into or)p plane, the projection is practically identical with the ordinary ‘ centric’ 
svmbol (if benz(Mic. The arrangement referred to is ahown hi the accompanying 
figures (see Plate). 

'Du? fundamenbd assumption made by chemists, upon which tludr system 
of structural formuhr is based, is that the hydrogen atom has unit valency - 
that it is incapable (if acting as a linking element. Tho whole of the evidence 
available ap])(Uirs to ho in favour of this view. The contention advanced 
recently by Sir J. J. Thomson that hydrogen may occur as a triatomic molecule, 
Ifa, is th('refore unacceptable ; until the existence of such a molecule has 
been proved up to the hilt it will be impossible for chemists to admit its 
existence. The artifice hv which Sir Joseph Thomson has sought to reconcile 
his interpretations with those of chemists practically involves the representation 
of liydrogen as a dyad ; if this conclusion were accepted it would be necessary 
to double the valency of all other elements, a step which cannot he justified on 
chemical evidence. Tt is in cases such as these that a better understanding 
between chcini.sts and physicists is required. 

The variation of valencv is ]irobably the most perplexing phenomenon in 
chemistry. Tt is doubtful if any element have a higher *truo* or fundamental 
valency than carbon; the view sometimes put forivard that certain elements may 
function even a.s octads is based on evidence which in no way justifies such 
an assumption. Not only will it be necessary to account for the variation in 
valency from element to element but also for the fluctuations ob.served 
especially in the case of the non-metallic elements. The variation seems to be 
determined by some reciprocal relationship between the interacting elements, 
valency apparently being a dependent variable rather than an absolute pro- 
perty; thus, to quote examples, whilst the hydrocarbon, CHa, is non-existent 
and cannot exist per ap, the corresponding oxide, carbonic oxide, CO, is not 
only stable hut relatively inert, combining with other substances only under 
special conditions; and the corresponding sulphur compound is so active that 
it cannot exist independently, but at once undergoes polymerisation with ex- 
plosive violence. Yet sulphuretted hydrogen occurs as a gas of simple mole- 
cular composition, whilst water, being a liquid of relatively high boiling-point, 
is presumably of considerable molecular complexity, so that it must he supposed 
that the fundamental molecule OH, is a highly active material. No theory of 
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atomic slriu'turo will l>o aocoptablo unless it can aocoiiiil for variations siicli as 

tlU'SO. 

IVsides variations in nioinit' propt'rlios m Ii luivo lufii 

rcforivd to. it will bo M«^•os^arY also, in flovising a (liotny o atninio .slnhinro, 
to tako into atvount iho l\iot that valtMU'V is a ‘ din'i ttMi I’lnu tion.’ Tbo 
tetrahedron apparently is a complete ombodinu'iit of tlie or,,p<*i tii\s of tie 
carbon atom, in so far iis these are duo to diroeU'd l‘oree.»», if t:.e alliniLies ol tlui 
atom be thought of as proeeeding from the centre of mass to the fiair apices. 
Or if, in>teH(l of representing carbon by a .sphere four times the volume ol the 
unit sphere representing the hydrogen atom, four unit spheres he pile<l in 
tetrahedral form, the four hollows into which other simitar s])hcr<\s will lit 
are in positions representing the directions in which atlhiity acts. The gn^at 
body of facts arrived at by studying optically active ‘a.syminetrie * l arhon 
compoumls are all compatible with sm h modes of representing i arhon ; inore- 
nver, the hypothesis is the only one devised that sets the necessary limit to the 
number of isnmerides possible. What is true of carbon is true apparently of 
other elements. But it is very noteworthy th.at the nllinity of carhon atrmi.s 
for carbon atom.s, as well as for those of many other elements, is e.xtraordinavily 
.•itrong in comparison with that of other elements for each other; (arhon h.is 
properties which are altogether peculiar. 

Fresh .significance has been uiveu to the problems of valency of late year ; 
owing to the introdiu'tion. by Uarlow and ro|H\ of the c»)ncc)»ti«m that it is tn 
be regarded as a fumtinii of the volume occupii*d by the ,\sMiiiiliig 

that the atnm.> are chwiy l^acked. they have .succeeded to an wliioli is 

altogether romarkahle. by means of this hypothesis, in correlating crystalline 
foim with moh'vular .«tnuture. ]b‘j:arding the sphciv witlnii which iho in 
fliience of the hydrogtn atom is exenised as unity, that (if the d>ad ebnn nN 

twice, tlufc of the triad tlirce tiiiios, lliat <»f a tetrad element li 

c.irhon four times, as ‘great a> tliat o| the hydrogiMi atom 'flte halogen- 

,af*pear to o« ropy the ■“ame relative v»'jinne hydrogen. .\ l.iige body of es i 
lienee to this effei*! is *•> be Oiiind in A recent coinmnnii at ion to tin 
Society «• I*ioc. H. A. \o]. JM). p. Ill, 1!)1 H. Apparently, wlien an 

clement >u b a-' an atom of Invlogcn i.-; inlmdiuetl in j)l;*.e "f liydiogi'u, th* 
.iU*'r.\lion in \obim*' wld.h attend^ the i hange i- l ot -•ia*ply 'bn* to tin* di^ 
\A.ue\vuwA c\.vm\ \>y \be rie.v sitoin : the altt ration in rompo^ii imi in\o]\i' 

/iher.irioM'S in the 'Nfilier(‘.< of inibienre of all ibe atou*« in \be nioleenli*, *.0 tb.il 
their lebitivo \(»lumc'' remain ib.e -'aine though tlndi rulual vobnne- may \aiy 

It i.^ to be c.\pc*ted that many of the pioblem--* (•!' nioleiular ‘-li'nture whi-li 
in the jia.'-t Coubl not be con^idiied. e.=»pccially in th^* of iiiniganic coin- 

poninN’, will now' be amenable to treatment from tlie cry ^taliogr.iphic .*-ide. 
"I he \ie\v originally put forward hy bavoi-sjiu- and elalMOvded hy ller/ehii';. that 
acids sueli as .sulpluirie acid are compounds of an .niij (ixich* with ’wafer.’ may 
be r(‘ferred to as a ra.se in point fsce * Proi\ K. Soc.' A. vol. tHi. p. 7.1, HM-I). 

Tn view of the production of helium in so many (.a.ses of ‘alomi(‘’ di.srup- 
tion. it mii.st not be forgotten that the probhon.s of ‘elementary’ atomic struc 
lure still require study on the rhemieal side. It \r not lo be supposed that tiny 
are no loinger amenable to < heiiiical Iri'atrinmt and that they are ripe for purely’ 
phy>i<'al treatment. 

Profe.^sor Hkks : Profe.ssor llutlierford has approadied the que.stion chiefly 
from the .side of radioactive phenomena, whil.st Profes.sor Armstrong has dealt 
with certain stereographic properties of the molei'ule which phy.sicist.s must 
take aceount of in forming any theory of the structure of the atom itself. I 
piopo.so to draw attention to certain aspects of the problem when ap])roaehed 
from the .spectroscopic side, i.r , from con.sidcratiop of the atom a.s a configura- 
tion capable of emitting defitiilo .sets of free vibrations. Before doing so. 
how'over, I should iik(5 to off<‘r some criticism wdth reference to a point raisc'd 
by Profes! 5 or Rutherford, viz., tlie actual value of tin* effective nuclear charge 
in any ca.se. jVfoseley’s law in(iicate.s that they aro coi)so<’utivc multiplos for the 
comsocutive element.s in the periodic table, and they arc kiiowm if that for ono, 
say He, is known. What evidence wc have seems to me rather to weigh in 
favour of He having an atomic number 4 in place of 2 which is as.sumed by 
Rutherford, Bohr, and Moseley himself. That it is at least 2 U clear from 
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the ilouhle cliarge on tlio a particle, but it docs not follow when two of tlie 
niovahh* electrons are freed that nine are left bound with the nucleus. Tlie 
supposition that the fitomic number for H is 1 and for He is 2, means that 
there no intermediate elements between them. Rut there are several con- 
sideratii-ns wliich point to the existence of 2. (1) Nichol.son has given very 

weigiity reasons for supposing that the lines observed in the corona and in 
nebula* are duo to two elements whose atomic w'eights lie between those of 
]{ and He, which he has called respectively Coronium and Xebulium. Their 
nucl(‘ar charges, however, are 4 and 5, which would make He 6. (2) IlydWg 

has proposed a theory of the constitution of the periodic table which has been 
remarkably justified in one respect by Mo.selciv’s measurements, in so far that 
it re(iuires 32 elements between Kr and Ra'Em in place of 36 as hitherto 
suppo.sed. The same reason which requires these 32 elements also requires 
2 Ijetw'een H and He. (3) In the July number of the ‘Philosophical 
Magazino * Rydberg has disemssed Moseley’s measurements of the frequencies 
of tlic Jlarkla K and L series, and find* that if N — the atomic number — be 
based on 4 for He, the frequencies of the lines can he represented by the follow- 
ing .scheme : - 

K(a) and K{/3) by P(N - 3)^ P(N - .H 5)* 

L(a)andL(a) „ P(N-3x3)2 P(N - 3 x 3-5)* 

L(7)andL(5) „ P(N-4x3)2 r(N-4x3r>)2 

but that .such an arrangement is impo.ssiblc if N be based on any other number 
than 4 for He. More exact numbcr.s^ however, are needed before the.^se rclati»‘n9 
can be regarded as establi.siied. 

We already know certain definite fact.s a.s to the constitution of an atom. 
They are : -- 

(1) All atoms contain electrons as a part of their con.stitiition. Of the.se 
they can apparently lo.se a certain number without altering their chemical 
identity, whilst in the case of radioactive elemenbs the bj.'-s of other .«5ets 
changes them into different elements. We shall doubtless be ju.slified in the 
assumption that the same law extends to all elements. 

(2) There exist also positively charged nuclei as.^^ociated nitli the atomic 
mass, containing multiples of the fundamental cUh trie charge, and the evidence 
tend.s to .show that the chemical nature of tlie element is determined by this 
rnullijdo. 

(3) 111 the case of a certain luimlier of substances there aie found associated 
magnetic doublets bo.se moments arc multiple.s of a definite quantity, lallcd 
by Woi.s.s the magneton. It appears legitimate to supjio.'^e th.it the same 
phenomenon may exist in other elemcnt.s, thougli whether the magneton lias an 
independent existence or is a consequence of electronic motion is an ojicu ques- 
tion. Jf the latter, an explanation of the multiple quality will I»a\e to he 
sought for. 

Any theory of atomic structure must, then, he a theory of the way in which 
the atom is built up of these fundamental quantities. far there are two 
types : (1) I'homson's theory of an extended positive nucleus within which the 
electrons revolve in Saturnian systems; (2) Rutherford’s theory of an extremely 
small nnclens witli electrons in planetary or Saturnian orbits. Neither of them, 
how'cver, has shown the slightest aptitude in explaining the series laws of 
spectra. Tlie actual structure must be a. much more complicated one than is 
assumed in either. Unfortunately the complete mathematical treatment of the 
simplest case is one of extreme difficult v. We may, however, 1 believe, make 
one very important first step, viz., as to the direction in which to look for the 
si)urco of the energy emitted in spectral radiations. This energy may arise 
cither from small vibrations about a stable state or from change from one 
stable state to another. In both cases the stable states must he such as to ' 
lose no energy i and must therefore bo in static equilibrium, or their relative 
motions mu-st be such as to produce no change in an external field relative to 
itself — such as, for instance, a charged sphere moving with uniform velocity. 
In the first case the energy would be made up of extremely small amounts from 
all the atoms, and an increase in intensity would be duo to increased ampli- 
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tudes. Til the secDiui raso it is made iip by relatively large amounts from a 
proportion only of the sysUmis, and an increase would be due to a larger 
proportion of atoms ihanging from one system to another. In the first case, 
although the constancy of period follows as a matter of course, it is ditlicult 
to see how the conditions of rianck’s quanta can lx> met, and that tho ideas 
lying at the base of his thtMiry are well founded there can bo little doubt. 
In tho second case the energy for eaeh line is transferred in the same amount, 
and the constancy of the frequency follows at once from Planck's theory. 
These general considerations seem to point to the conclusion that the causti of 
spectral emission is change from one ceiifiguration to another of less internal 
energy, ilut there is experimental eviden(?o pointing in the same direction. 
Stark has shown that tho series lines in a spectrum are due to molecules whicli 
have lost one or more electrons. For instance, doublet series arc due to 
molecules A\liich liave lost one electron, triplets two, &c., and we should there- 
fore expect the energy emitted to be given nut by their recombination to the 
neutral state. Since in general the larger proportion of 8])cetral lines— both 
arc and spark — are either series or seem to he closely related to series lines, it. 
would aj)pear that chatige of state is one of the chief causes of radiation. 

A further consideration ]Kdnting in the same direction is afforded by the 
fact that the formula* to whidi scries lines conform give the frequency itself, 
and not the square of the fre(}uenoy, which latter is alway*^ the case when l!»e 
forces of displacement are proportional to the displacements themselves. As 
Radeigh has pointed out, the fiumer case requires forces proportional to the 
velocities, and hence sugge.'^ts motion in magnetic fields. Now we know these 
fields exist, and as a fact the only theory whicli re]u*oduces Rydberg's formula* 
is that of Ritz, depending only on magnetic fields. Unfortunately electrostatic 
fields and must he taken account of. If we could conceive of shells of 

constant magnetic force produced by electric charges moving in such a way 
tliat the electric forces between the moving charges themselves are annulled, we 
should have made a fir.'*! step towards forming a basis of a satisfactory tlieory. 
That su<h motions are possible is rendereil probable from considt'ralion of 
Maxwell’s classical case of two uniformly ebarged parallel plates moving 
parallel to one another with the. velocity of light. The great dcsitleratmn in 
the present state of tlie (juo.stioii is, not attempts at forming a eomfdete theory, 
hut mathematical discussion-s of as many simple cases as }>ossible, in order to 
obtain a clearer comprehension of what such systems may he expected to 
explain. From this point of view the recent most suggestive paper of ('on way 
oil ‘An Electromagnetic Hypothesis as to the Origin of J^eries Spe<tra ’ ' is of the, 
greatest value. We want more of a similar nature. 

Whilst, however, in all probability the greater portion of a spcH’truin is due 
to changes of configuration, it doe.s not neres.sarily follow that lines related to 
the series are the only ones emitted. In fact, the high-frequency vibrations 
discovered by Rarkla and measured quite recently by Moseley are clearly a case 
in point. Nicholson has determined recently the frequencies of small oscilla- 
tion of electrons revolving round positively charged nuclei on the basis of tlie 
Rutherford theory. More e.spccially he finds that the sets of lines observed in 
the corona and in nebuhe fit in very exactly for elements in which tho nuclear 
charges arc respectively 4 and 5, and the lines are due to neutral atoms 
and also to atoms which liave lost or gained one or two or more electrons. Tho 
agreements are so close and so numerous as to leave little doubt of the general 
correctne.ss of the theory. Rut the lines are certainly not connected in any way 
with the series type of line. Their appearance is probably due to the vast 
number of atoms in the corona and nebulte in tho line of sight all emitting 
vibration.s, whilst the absence of the series type may be due to the rarefaction 
of the gas causing comparatively few changes from one configuration to another. 
Nicholson’s theory stands alone as a first satisfactory theory of one type of 
spectra. Unfortunately this type contains so few examples that if they exist in 
other elements they have not been noticed. It affords considerable evidence 
that Rutherford’s theory approximates to the actual case when the nuclear 
charge is a small multiple of the fundamental charge. Several ftttempta have 


’ P/n7. Mng. xxvi. p. 1010, December 1913, 
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been made to apply Planck’s theory of radiation to tlie explanation of the laws 
of spectra. The most ingenious and suggestive is that of Bohr. It is based on 
the Kutherford atom, but throws no further light on the structure of the atom 
itself, as the mechanism of radiation is totally unexplained, and it is this 
which wo are in search of. The most remarkable result is the derivation of the 
value of Rydberg’s constant from known electric constants, and Planck’s con- 
stant. This result has certainly caught the scientific imagination, and one feels 
convinced, especially on a first reading of his paper, that there is some truth 
at the bottom of his theory. But Lindemanu has pointed out, by consideration 
of dimensions, that a largo number of theories would give values in which the 
various constants enter in the same way. In Bohr’s theory the exactness of the 
numerical relation depends on an apparently arbitrary assumption as to the 
frequency of the energ 3 »^ emitted wlien an electron is combined. It is true that 
later he attempts to justify this by making his formula conform to certain 
observed properties of series. But with the introduction of this his value of 
Rydberg’s constant ceases to be a direct deduction from his thcor 3 \ ^Moreover, 
in doing so he assumes the frequency of an electron to be proportional to its 
angular velocity, which can only be the case for one electron-- /.c., for an atom 
built on a planetary system, and not on a Saturnian, as ifl his. Nicholson has 
recently criticised the theory on other grounds, and as he is to take part in the 
discussion I will leave this point to him. From the spectral point of view the 
weightiest objection would seem to be that it is capable only of giving a 
f«)rniula of the Balmer typo — which holds for hydrogen alone. In the l^st- 

N 

known scries types, the P, S, and D depend on formula' of the tyi)e 

The /a depend on atomic constants, and are always considerable fur elements of 
large atomic weight. As the atomic w'eight diminishes we get the following 
general clianges : — In P, /a decreases to 1 ; in D it increases to 1 ; in S it 
approac])es the value *6. In other words, for P and D the formulae approach a 
Balmer type. For H it is indistinguishable from Balmer’s. For He, though 
approaching Balmer’s, it is decisively not 1. As a fact, Bohr’s theory does 
not represent any of the six known series of Ho, but ho postulates that certain 
lines hitherto allotted to H belong really to He. Moreover, he suppo.ses He to 
have 2 electrons, whereas, as I have attempted to show'^ above, the number 
is more probably 4. Fowler has recently presented a paper to the Royal 
Society in which he supports Bohr’s allocation on observational grounds, but as 
it is not yet (August) published it is not possible to weigh the evidence. In 
concluding, I should like to say that although I have criticised certain parts of 
Bohr’s theory adversely, no one can admire more its ingenuity and great 
suggestiveness. 

Mr. H. G. J. !Moseley explained the results of his classification of elements 
by their X-ray spectr<a. The frequency of the principal line in the X-ray 
spectrum is repi'csented very closely by the formula 

7l=K (X-B) 

wliere K and B are constants, and N an integer increasing by a unit as we pass 
from element to element up the periodic table. If we take this atomic number 
N as ordinate, and the square root of the principal frequency as abscissa, the 
different elements will therefore give points lying approximately on a straight 
line. The secondary frequencies will at the same time give points on other 
straight lines. The order of the elements determined by N is nearly that of 
increasing atomic weight ; there are one or two exceptions, and in such cases the 
order given by N, and not the atomic weight, is evidently the correct order cor- 
responding to chemical properties. For example, the atomic weight give.s the 
order d, K, A, whereas the X-ray frequency gives the order Cl, A, K. The 
latter is the order required by the periodic table. There are between aluminium 
and gold four missing elements, indicated by the double jump of N required to 
make the formula fit. These correspond generally to gaps indicated also by the 
periodic law. 

Professor Nicholson : I prefer not to introduce new difficnlties, wbicb would 
only make the discussion too long, and will therefore confine iny remarks to 
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those points on ^vhich my opinion hiis been invited by i*rofcssor Hicks* 
Firstly, with regard to lUihFs theory, such criticisms as I have made are in the 
main mathcnititical, and therefore unsuitable for a joint discussion between 
physicists and chemists. But 1 can give a statement of the present position 
of the theory as it appears to me. When B6hr*s theory is applied to a siiiglo 
nucleus of strength e or 2e, with a finffie rotating electron, it is remarkably 
successful in its deduction of the Iiydrogeu scries spectrum and of the Pickering 
series which it ascribes to helium. Its most striking success is, I think, not 
the very accurate deduction of the universal constant of spectra, but its appli- 
cation by Professor Fowler in his Bakeriaii lecture to a determination of the 
mass of an electron, on the supposition that the Pickering scries comes from 
helium. The accuracy of this value cannot be ignored. But analysis shows 
that it is quite impossible to go further, and to derive the usual helium 
spectrum. 1 mean that in order to do so we. must abandon at least one of 
B6hr*s premises which is vital to the deduction of the hydrogen formula. 
This fact is capable of rigorous demonstration, as is also the fact tliat, under 
the inverse square law, which Sir Ernest Kutherford has shown experimentally 
to be valid, Rydberg’s constant is not a feature of more comi)lcx atoms on this 
theory. 

There is also an exporinicMital ditliculty. Whatever its origin, the Pickeung 
series should he accompanied by an ultra-violet one in the Schumann regioi.. 
Tills series has been found by Professor Lyman in the hydrogen s|«*ctriini, 
whereas helium appears to have no Schumann spectrum. Professor Lyman is 
repeating these exj>erimentA, in view of their importance, but tiie balance of 
experimental evidence is against Bohr’s theory at present. 

I am inclined to agree with Mr. Moseley that my nebular and coronal 
elements may not be chemical elements in the ordinary seuM?. Thi« npiniun, 
that they are sub elements, or bases of onlinars elements, will ho found in my 
p,’t/jers. liour^vt, 13iiisfi<ni, and Fabry’s exiverimonts, described in the 
•('omptes Kendux.’ .show that the.se substances have the atomic weights which 
I calculated theoretically from their spectra, so that their existence appears 
to be real. Moreover, as in iny papers, ordinary elemtmts with series spcM tra 
can apparently only be formed from them by an alteration in the nucleus which 
doe^i not affect its total chaige. Evidence is accumulating to show that tlie 
nuclear structure may play an important part in series spectra, and therefore 
I am not iin lined to agree with Profeshor Rutherford that the nucleus of a 
hydrogen atom is necessarily the positive electron. It seems to be more 
complicated. But with everything else in his admirable opening address 1 
must express a general agreement. I must finally agree with Mr. Moseley that 
any ultimate atomic theory must involve Planck’s //. In iny own ])apers this 
was regarded a* an angular momentum, as sub.sequently also by liohr, ’Flie 
necessity for it is easily seen. For we only have one dynamical relation between 
the radius of the atom and the angular velocity of its electrons. Without 
the introduction of some new universal constant such as A no atom has any- 
thing in its nature which compels a definite size, and definite unchanging 
properties. 

Ih-ofcssor H. BAssmT said that, as the number of clemeiil.s wliich came 
before neon seemed of considerable importance in connection with tlic 
theoretical treatment of the constitution of the atom, it might be worth while 
considering whether the periodic law gave any hints on the matter. It was 
well known that Lothar Meyer’s atomic volume curve clearly demonstrated 
that, although the properties of the elements were periodic functions of tlieir 
atomic weights, the periodicity w'as not of such a simple character as at first 
supposed by Newdands. I.fCuving out hydrogen for the moment, it was found 
that there were two short periods of eight elements eatch, beginning with neon 
and argon, and ending with fluorine and chlorine respectively, followed by two 
long periods of 18 elements— that w^as to say, of (2x8) + 2 elements. These two 
long periods were followed by one very much longer period and a portion of a 
second. Unfortunately this very long period was so far incompletely known, 
and it was nob certain how many elements it contained; but this much could 
be ‘said, namely, that it contained approximately twice as many elements as 
one of the long xjeriods, and possibly 38 elements, which would be (2x18) +2 
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elements. Now, going back to the region in which hydrogen was situated, one 
was tempted to suggest that this gas was the only known representative of an 
extra short period of three elements. Doubling this number and adding two 
one obtained eight — ^the number of elements in each of the known short periods. 
Doubling eight and adding two one obtained eighteen— the numW of elements 
in each of the long periods, and so on* Although such treatment of the matter 
might appear like playing with figures, it seemed to the speaker of some interest. 

Professor Kerb Grant summarised the difficulty as to the stability of a 
system consisting of one nucleus and one electron. It was difficult, too, to 
account for the non-magnetic character of the hydrogen atom with this 8truc> 
ture. Magnetism, however, depended probably more on molecular than on 
atomic structure. 

Sir E. Rutherford (replying) said that the chemical inseparability of certain 
Isotopes was, indeed, derived from experiments with small qiiantiti^, but the 
methods used were very delicate. The separation of Radium D from lead was 
a most important problem; there seems evidence that different leads exist, 
having different atomic weights. The difficulty of stability is common to all 
tlieories of the atom ; but what it points to is that there is something wrong 
with the theory of electromagnetic radiation -not of the atom. 


The following Paper was then road : — 

On ffalts CAihured hy Calhode Rays, By Professor E. Ooldstkin. 

Reports, p. 2o(l. 


The following Papers wore read in Section A 

1. Kolc 0)1 lliG Mayueton as a Scatferifiy Agent of a and P rarlides. 
By Professor W. M. Hicks, F.R,S. 

Weiss has proved the existence of elementary magnetic magnets— or their 
equivalent— as a constituent of the atoms of matter. These magnetons should 
act as very effective scatterers of a and P rays, but the mathematical difficulties 
of a complete discussion of the scattering by a single electron are probably 
extremely great. The particular case where the electrons move in an equatorial 
])lano of the magneton admits, however, of a complete mathematical solution, 
and may bo useful as throwing some light on the nature of the scattering to be 
expected. It is essentially a question of the orbits of charged particles coming 
from an infinite distance, and in the paper the nature and distribution of these 
are explained. Incidentally also a theory of combined electrons appears. 


2, Drnwnsiration of a Mechanical Analogue of Wireless Telegraphic 
Circuils. By Professor T. R. LYLf:, F.R.S. 


3. Oil the Thermal Couduciiviiy of Air, By Professor T. IT. Laby 

and Fi. 0. Herens. 


4. The General Magnetic Survey of Australia, By E. Ktdson. 
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WEDNESDAY, AUGUST 19. 

iniscussiop) on Aniarvfk Meteorology. Opeual by G. 0. Simpson, D.Sc. 


1. A bri«*f resuni6 \yaa given of tho general circulation in the atmosphere 
over the Southern Hemisphere as taught by : 

{a) the text-books. 

{b) Dr. Lockj'er in his paper ‘ Southern Hemisphere Surface Air Circulation.* 

(c) Professor Meinardua in his discussion of the result of the * Gauss ’ 
Antarctic Expedition. 

Dr. Lockyer suggests an intense anticyclone over the Antarctic Continent, 
from which cold air feeds into a series of large cyclones circulating the southern 
ocean and having their centres near to 60® S. The cyclones are supposed to be 
so largo that while their southern extremities sweep over the edge of the 
Antarctic Continent their northern extremities reach to latitude 40° S., and so 
dominate the weather of Tasmania and New Zealand, and to some extent that 
of South Australia. 

Professor IMeinardiis’s scheme also includes a series of cyclones travelling 
from west to east over the southern ocean; but he gives strong reasons against 
the presence of an anticyclone over the soutliern continent. His chief objection 
to such an anticyclone is that anticyclonic conditions are accompanied by an 
excess of evaporation over precipitation; hence it would be impossible to accoui t 
for the excess of precipitation which gives rise to the large glaciers and snow- 
fields which discharge the known large quantities of ice. 

2. The simultaneous observations made at Cape Evans, Cape Adare, and 
Framlieim were then considered t«) investigate the processes which are at work 
in the Ho-ss Sea area. Diagrams showing the mean temperature distribution 
both horizontally and vertically were examined, and tho curves of barometric 
pressure and wind at the different stations compared. The chief con- 
clusions of the investigation are as follows : The high south-easterly winds- - 
commonly called blizzards— arc not caused by cyclones passing * into the 
Koss Sea, but are the re.sult of the large differences of temperature 
which exist in the lower atmosphere over tho Barrier and the Boss Sea. The 
cloud observations show that air feeds into the Antarctic at high levels, and 
passes north again in tho blizzards. Meiiiardus’s objection that in such a 
circulation of air precipitatiun would not exceed the evaporation was shown 
not to hold, because of the great cooling of the air due to radiation. Tho air 
while sinking loses so much heat by nidiation that, wlien foi-cibly made to rise 
in the blizzards, saturation is reached at a much lower level than that at whicli 
the air entered. Thus anticyclonic conditions are consistent with an excess of 
precipitation. 

3. The exi.stence of a belt of cyclones between the Antarctic Continent and 
Australia was then considered, Cuafvos on which barometer and wind obser- 


vations made at the ‘ Gauss * winter quarters are plotted were shown. From 
them it was seen that during the passage of deep waves of pressure there 
is practically no variation of the wind direction at that station. In most 
cases the wind blows a gale from the east both while tho barometer falls rapidly 
and while it make.s an eqnally'rapid recovery. At pre.«?eiit it appears quite impos- 
sible to reconcile the wind and barometer ol).servatioiis with any system of 
circulation of wind about a centre of low pressure moving from the west to the 
east. Further the simultaneous barometer observations at Melbourne, the Bluff 


(Now Zealand), and. Cape Adare were examined without finding any certain 
indication of the same cyclone affectihg the northern and southern stations. 

4. The monthly departures from normal of pressure at Cape Evans were 
* ”^2™P®*’ed with corresponding values for stations in Aus'tralasia, and an important 
'ative correlation was found, 

long p. conclusion tho importance of a permanent meteorological station on 
tarctic Continent was urged. 

it was . , 1 ' 

f/ie 4 ^iid, Report and Papers were then read 

wl of the Sehmnlogical Committee .- — See Eeportfl, p. 41. 
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2. On the Change of Thermal Conductivity during the Liquefaction of 
a Metal, By Professor A. W. Porter, F.R,S., and ¥, Simeon. 

3. Experiments on the Active Deposit of Radium. By E. Welliscii. 

Sydney. 

FRIDAY, AVGUST 21. 

The following Papers were read : — 

1. The Origin and Nature of they Rays from Radium. By Professor 

Sir E. Eutherford, F.R.S. 

2. The Distrihiilion in Space of the Stars near the North Pole, 

By Dr. F. Dyson, F.R.S. 

3. The Action of the Juice of Euphorbia i^eplus on a Pliolographio 

Plate. By J. M. 1’etrie and II. G. Citapamx. 

The dried milky juice of Euphorbia peplus arts on a sensitive photographic 
plate ill the dark. If a photographic plate, separated by a space of 3 mm., is 
exposed for fourteen days to the dried juice spread in the form of letters on 
glass, sharp images of the letters appear as positive impressions on the plate on 
development in the ordinary way. Faint images are formed by exposures for 
such short periods as twenty-four hours, and deeper impressions, but still sharp 
and well-defined, by exposures up to thirty-one days. The impressions on the 
plate are more marked when the separation is diminished to 1 mm., and no 
impression appears when the separation is increased to 12 mm. The images are 
characteristically well defined, though there is slight diffusion around each letter. 

If a piece of black paper, impervious to light, be inserted between the letters 
and the plate, the images appear as well defined as when the paper is absent. 
'I’hc intervention of paraffined tissue paper faiLs to prevent the appearance of the 
imago on the plate. Images are seen when thin niuminium foil and gold leaf are 
used to separate the plate from the letters. The impression can be obtained 
through thin sheet glass. When a strong current of air is passed between the 
letters and the plate during the exposure, the image appears sharp and no 
evidence of diffusion in the direction of the current can be made out. 

On examining the dried juice with a sulphide screen no scintillation of 
f)articles can be seen. On testing the dried juice in a gold leaf electroscope 
there is no apparent increase in the rate of discharge of ionised gases. With a 
sensitive electrometer no action of the dried juice on ionised air could be 
detected. 

On heating the dried juice, the photographic action is not diminished after 
several hours* heating to 200® C. When charred to a black mass the juice has a 
diminished action on the plate, and when incinerated to a white ash the ash 
retains a feeble action. 

This photographic action has been noted with all specimens of Euphorbia 
peplus examined by us from many localities, some at least a hundred miles apart. 
The dried juice retains its action unchanged, so that the original sample, dried 
and mounted five years ago, is as active as ever. 

.The juices of many other species of Euphorbia, a?id of other plants with 
similar latex-bearing tubes, have no comparable action on the photographic plate. 

4. PhotO’-eleclric Effect in Selenium. By Professor 0‘. U. Vonwiller. 
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5. The Pressxtre upon the Poles of a Carbon ^Irc. Bij Professor 
W. G. DVFtTELU. 


6. The Attractions of Ellipsoidal Shells, 
By Professor A. Guay, E,B,S, 


MOyDAY, AUGUST 24. 

The foWoNviug Papers and Roports were road 

1. Dhconiinuilics in Meleoroloyical Phenomena. By Professor 
JI. II. Tuknkk, F.H.S, 

2. The OhlitiC Shape of the Stellar Sjislvm, By JVofessor A. S. 
Kddinoton', F,Il.S. 

3. ;l4 Absolute Determination of the. Thermal ('ondurtivily of Air, 
By K. 0. Kkpkns (/i/rZ T. If. L.vry. 

i. The Nature of y llay.^. By T, 11. JauY and W. Sti akt. 

5. Lcnylh and Flcelrical Resistance of Steel Tapes. By T. II. liAii\ 

and 0. E. Adams. 

G. A Map of the Principal Earthquake Oriyins of the Pacific. 

By (j. IIofii3i:\. 

7. ReporL on the Invesiiyatiou of the Upper Atmosphere. — Sec 

Eeports, p. GO. 

8. Report on Plic Inlcrnational Tables of Physical and Chemical 

Constants, 

9. Report on the Calculation of Malhemalical Tables , — See Reports, 

p. 75. 


30. Report on the Disposal of Copies of the Binary Canon . — See 

Repods, p. 102. 


11. Interim Report on Radioteleyraphic Investiyutions , — See Reports, 

\h 70. 
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TUESDAY, AUGUST 25. 

Joint Meeting with Section G {Engineering). 


Discussion on Wireless Telegraphy. Opened by 
Sir Olivkr Lodge, F.R.S. 


The following Papers were then read in Section A ; — 

1. Some Measurements oj the Wave-length in Mr of Electrical Vibra- 
tions associated with a Thin Straight Terminated Rod. By 
Professor J. A. Pollock. 

2. High-Frequency Spectra. By 11. G. J. Moseley. 


J. On the Scattering of Light by Small and Large Particles nf 
Conducting and Non-conducting Substances. By Professor 
At.frkd W. Pouter, F.R.S.t and E. Talbot Paris, B.Sc. 

The work summarised herein is a continuation of an investigation by Porter 
and Keen ‘ on the diffraction of light by particles comparable with the w'ave- 
length. In that work the scattering was produced by a sulphur suspension, and 
observations were restricted to the transmitted light. In the present paper the 
degree of polarisation has been determined (by means of a donble'image prism 
and niool) for the light scattered in different directions; and suspensions of 
silver and copper have been investigated as well as suspensions of sulphur. The 
metallic suspensions were made by the method of Picroni/ which we have found 
to give stable suspensions. 

The results for sulphur particles show a good general agreement with the 
theoretical values calculated by Lord Rayleigh,® but exact comparison is. not 
})ossiblo owing to the diiliculty of determining the size of the particles. In the 
case of the silver particles comparison with theory is easier, because the total 
amount of silver present can be so readily determined chemically, the number 
of particles per unit volume can be counted, and thence their size can be 
calculated. Measurements of the sizo wore also made by Perrin^s method, i.e., 
by coutiting the number of iiarticlcs in each of two iaycr.s a small vertical 
distance apart, and attributing the difference (as in an atmosphere of gas) to 
the total weight of particles in the intervening space. Both methods give 
practically the same results. 

Complete curves have been obtained for the polarisation for different-sized 
])articles in different directions. Mention will be made here only of the direction 
of maximum polarisation for silver suspensions for light of wave-length 
This is shown in the following table ; — 


Diameter of particles. ! 

Direction of max. 

Kelative electric 

polarisation. 

conductivity. 

yy 



80 

90® 

— 

98 

90® 

2.90 

108 

98®-36^ 

3-70 

131 

109®-54' 

4*12 

164 

113®-36' 

— 

310 

130®-30' 

— 


^ Froc. Roy. Soc. A, Vol. 89, 1914. 

3 GazeUa, {!), 197(1913). 

8 Froc. Roy. Soc. A, Vol. 84, 25 (1910). 


1914. 


X 
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' Aceoi^ing to J. J. Thomson/ the direction of maximum j^tarisation for 
perfectly conducting particles should make 120^ with the incident light. From 
the above table it appears that for very small particles this angle is 90^, as it 
would be for diehctric particles (a fact which we find was previousljr observed 
by Professor R. Tbrelfall*), but that it increases as tho diameter of the particle 
increases to a value above the theoretical limit. 

Measurements were also made of electrical conductivity of the sus- 
pensions. Since the average distance between the particles was about 100 times 
their diameter, Maxwell’s Uieory of the conductivity of cbmpound media is 
applicable. The conductivity was measured in every case for concentrations 
containing the same amount of silver and other bodies per unit volinno, but 
differing only in tho size of the particles. In these circumstances tho con- 
ductances should be the same unlesr there is a difference in Uie CQn<lucti\ity of 
the silver particles. It will bo seen that tho conductivity of tho mixture in- 
creases as the particles incitM^e in size. It would seem, therefore, that the 
aiiomaious behaviour of the silver is due to a real change in resistance with size, 
and is not simply a consequonce of the fact that Thomson’s theory is liniit^ed to 
the cases for which the conductivity is sufficiently large. 

No numerical calcukition has previously been made for largo particles. }3y 
transferring Thomson’s equations so as to cxpiess the re.sult in terms of tho sainu 
tuncUons which have been calculated hy l<ord Uayleigh for faiily hiv^o 
of the argument, his work becomes available for the present problem and oiu 
of us (E. T. P.) has calculated tho degree of polarisation of the light hcattcrrd 

in different directions for perfectly conducting particles for ulinh x Radius 

=- unity, when X ~ wave length of the light. The maximum polarisation cone- 
spends to an angle for about 108®. Tlio value indicated by our experiments 
lies between 110® and 120®, but further experiments are necessary to fix it moio 
exactly. 

It is not difficult to suggest a reason for the diminution of tho conductiiity 
with size. Separated molecules, as in a vapour, are perfectly non-conducting; 
w© conclude that there arc then no free electrons. Aggregation of molecules 
of silver as in a solid gives rise to free electrons (and consequent conductivity) 
owing to the mutual action of the molecules upon one another. In small particles 
the number of free electrons may be proportion.ate!y less than for silver in mas*^. 

It must not be forgotten, however, that a colloid particle in its medium is 
surrounded by a double layer consisting of polarised molecules of the medium, 
and it is quite possible that it is this polarised layer of a dielectric medium 
which modifies the optical properties of the silver. 


4. On the Viscosities oj the Halogens in the Gaseous State. 

By A. 0. Eankinb, D,Sc, 

In this paper various methods which have been used for measuring the 
viscosities of the vapours of Chlorine, Bromine, and Iodine at a number of 
different temperatures were described. 

The relations between the viscosities of these three gates were discussed. The 
laws are similar to those whkli the author has previously shown to apply to 
the group of inert gases. ^ 

DePABTMEBT of MATHEMATZea. 

1. Symbolic Solution of Lhiear Partial Differential Equations of the 
Second Order. By T. W. Chaundy, 

Statembnt 01’ KEHuiim 

Take equation in form -i- -f where a, i8, 7 denote functions 

’ SxSy 9 x 9 y 

of aj, y. The invariants h, h arc J* + i-a/B-yafe, 

^ RecetU Btsearehes in Electrkity and Magnetism, p. 449. ^ Phil. Mag., 1894. 
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Introduce gymbolio operators A s (-J + ^ A) 


III 

T 

{h-1c)dy0 + lk) 

0 1 .+ ^ - A + 

F ty y 


e, s 1 + i- + ( 

X Sx X ' 



Then a symbolic solution appears as 

\fi,dx 
e 


C f*' 

-\fi.dx -la.dp 


where ^ are arbitrary fanctions of their arguments. Here the arbitrary elements 
enter in an infinite series of their derivative. 

We may deduce a form of solution in which 4>, enter in finite terms, namely-- 


+« y " J_ 


dt 


Applying these results to the equation we obtain a solution 

0ai 

^0 ''O 

where C is a constant and J(h) - 1 + 

(1 i) (a I)* 


.y f 

I J 4>(0- J {(y - 0*^’}^^ + 1 W-J {(‘'*?-0y}«^^ + C.J(ary) 


(n\Y 


+ . 


2 . Properties of Algehraic ^futnbers Analogous to Certain Properties of 
Alg^aic functions. By Professor J. C. Fields, f.R.B. 

Suppose c to be a root of an integral algebraic equation f(x) « 0 of degree n in a; 
and irreducible in the domain of the rational numbers. Where ^ is a prime f(x) 
may, however, happen to bo reducible in the domain of the p-adic numbers. As- 
suming the number of the irreducible p-adio factors to be r we write f{x) tJ^x) 
.... /r(r), where the coefficients of the powers of x in /j(a;), . . . friz) are p-adio numbers. 

Consider R(c) any rational function of f. It may be written as a polynomial 
of degree »-l in c and satisfies an algebraie equation F (X) = 0, where we have 
F(X) = F,(X) . , . P,(X). The factors F,(X), . . . P,(X) here have p-adio 
coefficients and are co ordinated with the factors /,(»), . . . / (ar) of /(«). The 
degrees of the factors /.(oj), , , . /,.(»), as also those of the factora F,(X),^ . . ., 
Fr(X) will be certain inte^rs n, . . nr respectively. The constant terms in the 
factors F,{X), . . . Fr(X) wo name the p-odi'c partial nomw of R(«). The 
order numbers relative to p of the p-adio partial norms of R(c) divided by n,, . . 

X2 
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»r ijospeotively we call the orders of c^ncidence of R{f) with the f>-adio factors of 
the fundamental equation l{x] » 0. 

The coefficient of in the number R{f) we call its principal eoefftcieni. The 
orders of coincidence of such number relative to the prime p will l)e integral multiples 
oi certain minibers l/r„ . , where v,. aro factors of n^, . . w,. 

respectively. Wo consider tho aggn^gato of numbers U(«) possessing an assigned 
set of orders of coincidenoo relative to p. The necessary and sufficient condition 
that the principal coefficient in tho aggregate be integral is that tho assigned onlers 
of coincidence have a certain set o! values. This paHiculat of orders of co- 
incidenoe defines adjotniness rciative to tlie prime p with regard w the fumlamonial 
equation* 

If wo start out from a sufficiently general rational form R(e) with its coefficienfs 
represented in p-adic form and impose on it tho conditions ix^quisito in order tliat it 
may possess a ccitain sot of orders of coincidence relative to the prime p, these con- 
ditions take the form of a succession of independent congruences relative to the 
prime p imposed on tho coefficients of the powow of p in the p-adic coefficients of 
the powers of c. Wo find a formula for tho number of these conditions. Wc also 
assign sets of orders of coincidence corresponding to all primes 

p, these orders of coincidence being 0 with tho exception of a finite number among 
them. Such a system of orders of coincidence w'o call a basis of coincidences. We 
define complementary adjoint bases of coincidences and derive the analogue of the 
complementary theorem in tho theory oi the algebraic functions. 


3. The Green* s Function for the Equation 4* 0. 

By Professor H. S. Oarslaw. 


4. The E volute of the Lmaqon. 

By Professor W. H, IT. Hudson, M./l., LLM. 

The equation of the Linia?on is taken in the form r = 5/1 (!-{-« cos d), a will be 
made 1, and the abbreviations used I— c (l-j-e)/ (l4-2c) = c, 

g(l-.€)/{l-2e)«c'. 



The Lima^on is symmetrical about the a;- axis ; so therefore is its evolute. 

(1) When c = 0, the Lima^on is a circle ; the evolute id a point, tho centre of tho 

circle, • . . , 

(2) When J > e>0, the evolute is a closed curve with four cusps pointing outwards. 

Thesecuspsaro D,(e/, cay/), D",(c 0,(c,0), (c',0). All four lie on the 

circle c) (»— c') — 0. As c increases, this at first star-like figure grows larger, 

the total height approaches v'3/4 as c approaches i, tho breadth (parallel to the 
z- axis) increases indefinitely. 

(3) When e ^ c' becomes oo, the height becomes ^3/4. The cusp C' is at 
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ik0 oihet throe lie on the strdght tine tmZ/B, whiohmayfioniegerdedi aa a 
eirole <A infinite radios ; the x* axis may he regarded as two ooineuient asymptotes. 

(4) When 1 ><*>}• there a^two a 83 rmptot 68 making equal angles with the a;* axis. 

As e increases from 4 to 1 the angle between the asymptotes increases from O'* to 180^, 
their intersection, V, moves from (*-qo» 0) to the origin; the cusp 0* preoedes V 
from 0) to (0, 0) ; the distance D D' increases to a maximum 4 v^3/9 when 
e =» V(2/3), and then dwindles to 0. .. 

(5) When e = 1, the limavon is a oardioid, the evolute is also a cardloid ; it passi^s 
through the origin, its cusp C is at (2/3, 0) ; the three cusps 0 > D« coincident at 
the origin, become a simple point on the cardioid. 

(6) When e > 1, the cosps D, D' have disappeared, the cusps 0, ff point inwards, 
the curve is closed, the shape of the curve does not change much as e increases, the 
distance C O'diminbhosfiom 2/3 to the total height (parallel to thoy-axis)incrcascs 
from v^3/^ to 1, the breadth, now ]e«»8 than the height, diminishes from 3/4 to 1/ ^2. 

(7) When e^QO^ tho e volute is altogether at infinity; the difference c—c' is 
found to be finite and equal to likewise the height, 1 , the breadth, 1/ v^2 ; the position 
of tho breadth, %^2, above and lielow C enable an illustrative figure to be drauii. 
It \ft symmetrical about its central ordinate. 

Diagrams are given to illustrate those cases, except ^l), which needs no diagram. 

(2) e *3, the star elongated. 

(3) e with three cusps in a straight line. 

(4) c= |\^3, with the four cusps at the corners of a square. 

(5) e ss 1, where three cusps aie hidden in one |x>iut. 

(6) e = 2, the evolute of the Tiiscctrix. 

(7) c = GO, with doable symmetry. 



The equation of the evolute is ‘ v . 

ifc® I c) (»— c') J *-h27eV (y®+a^— e a »)* *» 0. \ 


6. On the 'Algebraic Theory of Modular Systems Modules of 
circit. Pol^omials). By P. S. MACAUtAy, M.A," 

the totei -t,, 5 ory of modules of polynomials is still only in its infancy, although 
**®'^*f an ago of 136 years, its origin dating from tho *Th4orie 

Id} When «^TiM^tions Alg^briques/ par M. Academic. Boyale des 



TOAIfSAOnONS ^ SBOttOK A. 311 

Scionces, M.Dcc.x<S!ax. Its status and importance were made apparent by 
Kronecker’s theory of Divisor Systems. 

The central problem (of which no satisfactory solution has yet been given) . 
is to find one or several ways of expressing the complete conditions that a 
polynomial F must satisfy in order that it may be capable of taking the form 

F sa ^iFi + X 2 F I + • • • 4“ XjfcFjrf 

where F,, F„ . . . ^ Fs are given polynomials (in general non-homogeneous) in 
n variables osj^ s;,! « • . > xn, and Xj, a,) ...» Xi^ are any polynomials in the 
same variables, not given. The whole system of polynomials F is called a 
module (of polynomials), and is regarded as a single entity or class, and is 
symbolised by a letter M. Each F is called a member of M, and the set o£ 
^polynomials F,, F,, . . . , Fib is called a basis of M. 

A module M is considered from its two conjugate aspects, viz. (i) its content 
as represented by its members, and (ii) its content as represented by its modular 
equations, t.e., the linear equations which are identically satisfied by the 
coefficients of each and every member F of M. (ii) has recched little attention 
hitherto. Either (i) or (ii) gives a complete representation of the module; but 
tho difficulty is to obtain (ii) from (i) and vice versa. In combination (i) and (ii) 
give a very complete view of a module and afford together a simple answer to 
mobt general questions. Thus the members of the G.C.M. of any number of 
modules consist of all the members of all the modules; the modular equations 
of the L.(y\M. of any number of modules consist of all the modular equations 
(if dll the modules; the members of the product MM' of two modules M and 
M' can be obtained at once from the members of M and M' ; and the modular 
i(|uations of a residual M/M' can be obtained at once from the modular 
( q nations of M and the members of M'. 

I’he most important types of modules were considered ; these are the unmixed 
module, prime module (corresponding to a prime number in arithmetic), primary 
module (corresponding to a power of a prime in arithmetic), simple module (that 
is, a module containing one point only), module of the principal class, perfect 
module, and closed module. The method of obtaining the modular equations 
from a basis of the module was discussed, and also the resolution of a module 
into priiniiry modules. 

n. A Theorij of Vouhlc Pohits. Bij F. S. !Nr\c\riAY, M.A 


Brisbank. 

FRIDAY, AUGUST 22. 

Professor E. W. Browui, F.R.S., Vice-President of the Section, delivered tho 
following Address ; — 

To one who has spent many years over the solution of a problem which is 
somewhat isolated from the more general questions of his subject, it is a satisfac- 
tion to have this opportunity for presenting the problem as a whole instead of in 
the piecemeal fashion which is necessary when there are many separate features 
to be worked out. In doing so, I shall try to. avoid the more technical details of 
my subject as well as the temptation to enter into closely reasoned arguments, 
confining myself mainlv to the results which have been obtained and to the 
conclusions which may oe drawn from them. 

In setting forth the present status of the problem, another side of it gives one 
a sense of pleasure. When a comparison between the work of the lunar theorist 
and that of the observer has to be made, it is necessary to take into consideration 
the facts and relsults obtained by astronomers for purposes not directly connected 
with the moon : the motions of the earth and planets, the position of the observer, 
the accuracy of star catalogues, the errors of the instrument used for the 
measurement of the places of celestial objects, the personality of the observers — 
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all these have to be considered ; in fact) almost every one of the departments of 
the jMtronomy of position must bo drawn upon to furnish necessary data. The 
> time has now arrived when it may perhaps be possible to repay in some measure 
' the debt thus contracted by furnishing to the astronomer, and perhaps also to the 
student of geodesy and, if I may coin a word, of sclenodesy, some results which 
can bo deduced more accurately from a study of the moolis motion than in any 
other way. A long-continued exploration with few companions which ultimately 
leads to territories where other workers have already biased paths gives the 
impression of having emerged from the thick jungle into open country. The 
explorer can once more join forces with his brother astronomers, lie can 
judge his own results more justly and have thorn judged by others. If, 
then, an excuse be needed for overstepping the limits which seem, by silent 
consent, to have been imposed on those who devote themselves to lunar problems, 
it consists io a desire to show that these limits are not nceessary and that a study 
of the motion of the moon can he of value and ran contribute its share to tlie 
common funds of astronomy. 

'Phe history of the motion of the moon has been for more than tw’o centuries 
a strui'cle between tlie theorists aiul tlie oli*«er\ers. Kver sinre the publication 
of the ‘Pr\nri\na’ and the ouunciatiou oi tlie law oi gravitation by Isaac 
Newton, a constant effuit h.is been maintained to prove that the moon, like tlie 
other bodies of the solar system, obeyed this law to its farthest consequences. 
While the theory nas being ad\ anted, the observers were cofdinwilly improving 
their instruments and their methods of observing, with tho additional advaiitai.,i 
that their efforts hatl a cumulative effect ; the longer the time covered by their 
observations, the more exact was the knowledge tibteuncd. The theorist lacked 
the latter ad\antage : if he started anew he could only use the liettor instill- 
ments for analysis provided by the inatbematieian. He was ahvays trying to 
forge a plate of armour which the observer with a gun whose power w'as increas- 
ing with the time could not penelr«ate. In the struggle the victory rarely faileil 
to rest with the ob^ervor. Within the last decade we theorists have made 
another attempt to forge a new plate out of the old materials; whether we ha^e 
substantially gained the \iclory must rest partly on tlio evidence T have to jiace 
before you to day and partly on what the oli.server (an prodiu'e in the near future. 

There are three well-defined jieriods in the history of the sn])jo(t as far as a 
complete development of the moon’s motion is concerned. From the publii ation 
of the ^Priiicipia’ in 1687, when Newton laid down the broad outlines, until the 
middle of the eighteenth century, but little progress w'as made. Tt seems to liave 
rerpiired over half-a-century for analysis by symbols to adv.ance sufliciently far 
for extensive applications to the problems of celestial mechanics, (lairaut and 
d’Alembert both succeeded in rescuing the problem from the geometrical form 
into which Newton had cast it and in reducing it to analysis by the methods of 
the calculus. They were followed by Lconarci Euler, who in my opinion is the 
greatest of all the successors of Isaac Newton as a lunar theorist. He initiated 
practically every method w'hich has been used since his time, and his criticisms 
show that he had a good insight into their relative advantages. A long roll of 
names follows in this period. It was closed by tho publication of the theories of 
Delaunay and Hansen and the tables of the latter, shortly after the middle of 
the nineteenth century. From then to the end of the century the published 
memoirs deal with special parts of the theory or with its more general aspeeta, 
but no complete development ai»pcarcd which could supersede the results of 
Hansen. 

My own theory, which was completed a few years ago, is rather the fulfilment 
to the utmost of the ideas of others than a new mode of finding the moon’s 
motion. Its object was severely practical — to find in the most accurate way and 
by the shortest path the complete effect of tho law of gravitation applied to the 
moon. It is a development of Hill’s classic memoir of 1877. Hill in his turn 
was indebted to some extent to Euler. His indebtedness would have been 
greater had he been aware of a little-known paper of the latter, * Sur la Variation 
de la Lune,’ in which the orbit, now called the variation orbit, is obtained, and 
its advantages set forth in the words : ' Quelque chimdrique cette question j’ose 
assurer que, si Ton r^ussissoit & en trouver une solution parfaite on ne trouveroit 
presque plus de difficult^ pour determiner le vrai mouvement de la Lune r4e11e. 
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Cette question est done de la derniere importance et il sera toujouts bon d’en 
approfondir toutes les difficultes, avant qu'on en puisse esp^rer une solution 
compete/ * 

In the final results of my work the development aims to include the gravita* 
tional action of every particle of matter which can have a sensible effect on the 
moon’s motion, so that any differences which appear between theory and observa- 
tion may not be set down to want of accuracy in the completeness with which 
the theory is carried out. Every known force capable of calculation is included. 

So much for the theory. Gravitation, however, is only a law of force ; we 
need the initial position, speed, and direction of motion. To get this with 
sufficient accuracy no single set of observations will serve ; the new theory must 
he compared with as great a number of these as possible. To do this directly 
. from the theory is far too long a task, and, moreover, it is not necessary. In the 
past every observation has been compared with the place shown in the * Nautical 
Almanac’ and the small differences between them have been recorded from day 
to day. By taking many of these differences and reducing them so as to 
correspond with differences at one date, the position of the moon at that date 
can be found with far greater accuracy than could be obtained through any one 
observation. At the Greenwich Obs^^rvaiory the moon has been observed and 
recorded regularly since 1750. With some 120 observations a year, there are 
about 20,000 available for comparison, quite apart from shorter series at other 
observatories. Unfortunately these observations are compared with incorrect 
theories, and, in the early days, the observers were not able to find out, with the 
accuracy required to-day, the errors of their instruments or the places of the 
stars with which the moon was compared. But we have means of correcting the 
observations, so that they can be freed from many oi the errors present in the 
results which were published at the time the observations were made. We can 
also correct the older theories. They can be compared wdth the new theory and 
the differences calculated : these differences need not even be applied to the 
separate observations, but only to the observations combined into properly chosen 
groups. Thus the labour involved in making use of the earlier observations is 
much less than might appear at first sight. 

For the past eighteen months I have been engaged in this work of finding the 
differences between the old theories and ray own, as well as in correcting those 
observations wliich wore made at times before the resources of the astronomer 
had reached their present stage of perfection. I have not dealt with the observa- 
tions from the start : other workers, notably Airy in the last century and Cowell 
in this, have done the greater part of the labour. My share was mainly to 
carry theirs a stage further by adopting the latest theory and the best modern 
practice for the reduction of the observations. In this way a much closer agree- 
ment between theory and observation has been obtained, and the initial position 
and velocity of the moon at a given date ai’e now known with an accuracy com- 
parable with that of the tlioory. T shall shortly return to this problem and 
exhibit tliis degree of accuracy by means of some diagrams which will be thrown 
on the screen. 

I have spoken of the determination of these initial values as if it con- 
.stituted a problem separate from the theory. Theoretically it is so, but prac- 
tically the two must go together. The increase in accuracy of the theory 
has gone on successively with increase in accuracy of the determination of 
these constants. We do not find, with a new theory, the new constants from 
the start, but corrections to the previously adopted values of these constants. 
In fact, all the problems of which I am talking are so much inter-related that 
it is only justifiable to separate them for the purposes of exposition. 

Let us suppose that the theory and these constants have been found in 
numerical form, so that the position of the moon is shown by means of 
expressions which contain nothing unknown but the time. To find the moon’s 
place at any date we have then only to insert that date and to perform the 
necessary numerical calculations. This is not done directly, on account of the 
labour involved; What are known as * Tables of the Moon’s Motion ’ are 
formed. These tables constitute an intermediate step between the theory and 
the positions of the moon which are printed in the ‘Nautical Almanac.* 
Their solo use and necessity is the abbreviation of the .work of calculation 
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required to predict t&e moon’s place from the theoretical valties which have 
been found. For this reason^ the problem of producing efficient tables is not 
properly scientific : it is mainly’^ economic. Nevertheless, I have found it 
as interesting and absorbing as any problem which involves masses of calcula- 
tion is to tliose who are naturallv fond of dealing with arithmetical work. 
My chief assistant, Mr. H. B. liedrick, has employed his valuable experi- 
ence in helping me to devise new ways of arranging the tables and making 
them simple for use. 

A table is mainly a device by which calculations which are continually 
recurring are performed once for all time, so that those who need to make 
such calculations can rcad^ of! the results from the table. Iii the case of the 
moon, the tables go in pairs. Each term in the moon’s motion depends on an 
angle, and this angle depends on the date. One table gives the value of the 
augle at any dale (a very little, calculation enables the computer to find this), 
and the second table give.«« the value of the term for tliat angle. As the 
same angles are continually recurring, the second table will serve for all time. 

We can, however, do better than construct one table for each term. Hie 
same angle can be made to serve for several terms and consequently one table 
may be constructed so as to include all of them. In other words, instead 
of looking out five numbers for five separate terms, the computer looks out 
one number which gives him the sum of the five terms. The more terms 
we can put into a single table the leas work for the astronomer who w.^iils 
the place of the moon, and therefore the more efticient the tables. A still 
better device is a single table which depends on two angles, known a.s .i 
double-entry table; many more terms can usually be included in this tlian in a 
single-entry table. The double interpolation on each such table is avoided 
by having one angle the same for many double-entry tables and intiu’polatiiig 
for that angle on the sum of the numbers extracted from the tables. 

The problem of fitting the terms into the smallest number of tables is a 
problem in combinations --something like a mixture of a game at chess and a 
picture-puzzle, but unlike tlie latter in the fact that the intention is to produce 
ease and simplicity instead of difficulty. This work of arrangement is now 
completed and, in fact, abmti five-sixtbs of' the calculations necessary to form 
thq. tables are done; over one-tbird of the copy is ready for the printer, 
but, owing to the large mass of the matter, it will take from two to three 
years to put it through the press. The cost of performing the calculations 
and printing the work has been met from a fund speeially set aside for the 
purpose by Yale University. 

A few statisii<‘S will perhaps give an idea of our work. Hansen ha.s 
.300 terms in his three co-ordinates, and these are so grouped that about .1 
hundred tables are used in finding a complete place of the moon. We liave 
included over 1,000 terms in about 120 tables, so that there are on the average 
about eight terms per table. [In one of our tables we have been able to 
include ho less than forty terms.] Each table is made as extensive as possible 
in order that the interpolations-~the bane of all such calculations—shall be 
easy. The great majority of them involve multiplications by numbers less 
than 100. There are less than ten tables which will involve multiplications by 
numbers between 100 and 1,000 and none greater than the latter number. The 
computer who is set to work to find the longptude, latitude, and parallax of the 
moon will not need a table of logarithms from the beginning to the end of 
his work. The reason for this is that all multiplications by three figures or 
less can be done by Crelle’s well-known tables or by a computing machine. 
But Mr. Hedrick has devised a table for interpolation to three places which 
is more rapid and easy than either of these aids. It is, of coarse, of use 
generally for all such calculations, and arrangements ^aro now being made for 
the preparation and publication of his tables. The actual work of finding the 
place of the moon from the new lunar tables will, 1 believe, not take more 
time— perhaps less—than from Hansen’s tables, as soon as th^computer has 
made himself familiar with them. Fortunately for him, it irtiot necessary 
to understand the details of their construction : he need only know the rules 
for using them. 

I am new going to show by means of some jJiagrams the deviations of tho 
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moun from its theoretical orbit, in which, of course, errors of observation are 
included. The first two slides exhibit the average deviation of the moon from 
its computed place for the past century and a half in longitude.^ The averages 
are taken over periods of 414 days and each point of the continuous line 
shows one such averltge. The dots are the results obtained by Newcomb from 
occultations; the averages for the first century are taken over periods of 
several years, and in the last sixty years over every year. In both cases the 
same theory and the same values of the constants have been used. Only 
one empirical term has been taken out— the long-period fluctuation found by 
Newcomb having a period of 270 years and a co-efficient of 13 I shall show 
the deviations with this term included, in a moment. 

The first point to which attention should be drawn is the agreement of the 
results deduced from the Greenwich meridian observations and those deduced 
from occultations gathered from observatories all over the world. There can be 
no doubt that the fluctuations are real and not due to errors of observation. 
A considerable difference appears about 1820, for which I have not been able to 
account, but I have reasons for thinking that the difference is mainly due to 
errors in the occultations rather than in the meridian values. In the last sixty 
years the differences become comparatively small, and the character of the 
deviation of the moon from its theoretical orbit is well marked. This deviation 
is obviously of a periodic character, but attempts to analyse it into one or two 
periodic terms have not met with success; the number of terms required for 
the purpose is too great to allow one to feel that they have a real existence, 
and that they would combine to represent the motion in the future. The 
straight line character of the deviations is a rather marked peculiarity of the 
curves. 

The actual deviations on a smaller scale are shown in the next slide; the 
great empirical term has here been restored and is shown by a broken line. 
The continuous line represents the Greenwich meridian observations; the dots 
arc Newcomb’s results for the occultations before 1750, the date at which the 
meridian observations begin. With a very slight amount of smoothing, 
especially since 1850, this diagram may bo considered to show the actual 
deviations of the moon from its theoretical orbit.^ 

’rhe next slide shows the average values of the eccentricity and of the 
))osition of the perigee. * The deviations are those from the values which I have 
obtained. It is obvious at once that there is little or nothing systematic about 
them; they may be put down almost entirely to errors of observation. The 
diminishing magnitude of the deviations as time goes on is good evidence for 
this; the accuracy of the observations has steadily increased. The coefiicient 
of the term on which the eccentricity depends is found with a probable error of 
0/'*02, and the portion from 1750 to 1850 gives a value for it which agrees with 
that deduced from the portion 1850 to 1^1 within O^^Ol. The eccentricity is 
the constant which is now known with the highest degree of accuracy of any 
of those in the moon’s motion. For the perigee there was a difference from 
the theoretical motion which would have caused the horizontal average in the 
curve to be tilted up one end over 2^^ above that at the other end. I have taken 
this out, ascribing it to a wrong value for the earth’s ellipticity; the point will 
be again referred to later. The actual value obtained from the observations 
themselves has been used in the diagram, so that the deviations shown are 
deviations from the observed value. 

The next slide shows the deviations of the mean inclination and the motion 
of the node, as well as of the mean latitude from the values deduced from 
the observations.® In these cases the obs^ations only run from 1847 to 1901. 
It did not seem worth while to extend tftm back to 1750 for it is evident 
,that the errors are mainly accidental, and the mean results agreed so closely 
with those obtained by Newcomb from occultations that little would have been 

^ Monthly Noticeo vol. 73, plate 22. 

■* Tables If., III. of a Paper on ‘The Perigee and Eccentricity of the 
Moon,’ Monthly Notices ff.A.S., March 1914. 

® ‘The Mean Latitudes of the Sun and Moon,* Monthly Notices B,A,S, 
Jan, 1914; *The Determination of the Constants of the Node, the Inclination, 
the Earth’s Ifllipticity^ and Obliquity of the Ecliptic,’ ib. June 1914. 
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gained hy the use of the much less accurate observations made before 1847, 
The theoretical motion of the node difCors from its observed value by a 
Quantity which would have tilted up one end of the zero line about 0^/*5 above 
the other; the hypothesis adopted in the case of the perigee will account fur 
the difference. 

The mean latitude curve is interesting. It should represent the moan 
deviations of the moon's centre from the ediptic ; but it actually represents the 
deviations from a plane below the ecliptic. A similar deviation was fo^nd 
by Newcomb. Certain periodic terms have also been taken out* The expL^na* 
tion of these terms will be referred to directly. 

The net result of this work is a determination of the constants of eccen- 
tricity, inclination, and of the positions of the perigee and node with practical 
certainty. The motions of the perigee and node hero agree wdih their theoretical 
values when the new value of the earth's ellipticity is used. The only out- 
standing parts requiring explanation are the deviations in the mean longitude. 
If inquiry is made as to the degree of accuracy which the usual statement of the 
gravitation law involves, it ni«iy be said that the index which the ituerse 
square law contains docs not differ from 2 by a fraction greater than 
1 / UK), 000, 000. This is deduced from the agreement between the obser\ed and 
theoretical motions of the perigee when we attribute the me? ? of the differciUM . 
found for this motion and for that of the node to a defective ^a^le of tL 
ellipticity of the earth. 

I have mentioned the mean dc\iation of the l.ititude of the moon from the 
ecliptic. There are also periodic terms with the mean longitude as argument 
occurring both in the latitiule and the longitude. My explanation of these was 
anticipated by Profesaor liakhuv’sen by a few w'ecks. ITie trim in longitude had 
been found from two series of Greenwich obsei rations, one of and the other 
of 21 years, by van Steenw'ijk. and Professor llakhnysen, putting this with the 
deviations of Ihe mean latitude found by Hansen and himself, attributed them 
to systematic irregularities of the moon's limbs. 

What I have done is to find (1) the deiiation of the mean latitude for 
64 years, (2) a iieriodic term in latitude from observations covering 55 years, 
and (3) a pericnlic term in longitude from ob8er\ations covering 150 yeais, 
the period being that of the mean longitude. Further, if to these be added 
Newcomb’s deviations of the mean latitude dcii\ed (a) from immersions and 
(h) from emersions, we ha\e a series of five separate determinations sepaialc 
because the occultatioiis are derived from parts of the limb not wholly the same 
as those used in meridian observations. Now all these give a consistent shape 
to the moon’s limb referred to its centre of mass. This shape agrees qualita- 
tively with that which may be deduced from Franz’s figure. 

I throw on the screen two diagrammatic representations * of these irregu- 
larities obtained by Dr. F. Hayn from a long scries of actual measures of the 
heights and depths of the lunar formations. The next slide show’s the 
systematic character more clearly. It is from a paper by Franz.® It does not 
show the character of the heights and depths at the limb, but we may judge 
of these from the general character of the high and low areas of the portions 
w'hich have been measured and wliich extend near to the limbs. I think thenj 
Gan be little doubt that this explanation of these small teims is correct, and if 
so it supplies a satisfactory cause for a number of puzzling inequalities. 

The most interesting 'feature of this result is the general shape of the 
moon’s lim'b relative to the centre of mass and its relation to the principle of 
isostasy. Here we see with some definiteness that the edge of the southern 
limb in general is fui^her from the moon’s centre of mass than the northern. 
Hence we must conclude that the d^n^ity at least of the crust of the former is 
less than that of the latter, in accordance with the principle mentioned. The 
analogy to the figure of -the earth with its marked land and sea hemispheres is 
perhaps worth pointing out, but the higher ground in the moon is mainly on the 
south of its equator, while that on the earth is north. Unfortunately we know 
nothing about the other face of the moon. Nevertheless it seems worth while 
to direct the attention of geologists to facts which may ultimately have some 

* Abli. dtr Muth,-I*ky$, Kl. dtr Kbn Ffuilis, (Ju, dar IFiVs., vols. xxix., xxx. 

® Konigsberger A$tr. Beob., Abth. 38 
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cosmogonio applications. The astronomical difficulties ate immed^te ; different 
corrections for meridian observations in latitude, in longitude, on Mdsting A, 
for occultations and for the photographic method, will be required. 

I next turn to a question, the chief interest of which is geodetic* rather than, 
astronomical. I have mentioned that a certain value of the earth’s elHpticity 
will make the observed motions of the perigee and node agree with their 
theoretical values. This valine is 1/293*7 i*3. Now Helmert’s value opined 
from gravity determinations is 1/296*3. The conference of * Nautical Almanac ’ 
Directors in 1911 adopted 1/297. There is thus a considerable discrepancy. 
Other evidence, however, can be brought forward. Not long ago a series of 
simultaneous observations at the Capo and Greenwich Observatories was made 
in order to obtain a new value of the moon’s parallax. After five years* work 
a hundred simultaneous pairs were obtained, the discussion of which give 
evidence of their excellence. Mr. Crommelin, of the Greenwich Observatory, 
w’ho undertook this discussion, determined the ellipticity of the earth by a com- 
parison between the theoretical and observed values of the parallax. He found 
an ellipticity 1/294*4±1*5 closely agreeing with that which I have obtained. 
Finally, Col. Clarke’s value obtained from geodetic measures was 1/293*5. We 
have thus three quite different determinations ranging round 1/294 to set 
against a fourth determination of 1/298. The term in the latitude of the moon 
which has often been used for this purpose is of little value on account of the 
coefficient being al.<?o dependent on the value of the obliquity of the ecliptic : 
such evidence as it presents is rather in favour of the larger value. I omit 
HilTs value, obtained from gravity determinations, because it is obviously too 
large. 

Here, then, is a definite issue. To satisfy the observations of the moon in at 
least three different parts, a value near 1/294 must be used; while the value 
most carefully found from gravity determinations is 1/298. As far as astronomy 
is concerned, the moon is the only body for which a correct value of this constant 
is important, and it would seem inadvisable to use a value w^hich will cause a 
disagreement between theory and observation in at least three different ways. It 
is a question whether the conference value should not be changed with the 
advent of the new lunar tables. 

In looking forward to future determinations of this constant, it seems to be 
quite possible that direct observations of the moon’s parallax are likely to furnish 
at least as accurate a value of the earth’s shape as any other method. This can 
be done, I believe, much better by the Harvard ))hotographic method than by 
meridian observations. Two identical instruments are advisable for the best 
results, one placed in the northern and the other in the southern hemisphere from 
6()° to 90° apart in latitude and as nearly as possible on the same meridian. On 
nights which arc fine at both stations, from fifteen to tw*enty pairs of plates could 
he obtained. In a few months it is probable that some 400 pairs might be 
obtained. These should furnish a value for the parallax with a probable error 
of about 0''*02 and a value for the ellipticity within .half a unit of the denominator 
294. It would be still more interesting if the two instruments could be set up on 
meridians in different parts of the earth. The Cape and a northern observatory, 
Upsala for example, would furnish one arc; Harvard and Ariquipa or Santiago 
another. If it were possible to connect by triangulation Australia with the 
Asiatic continent, a third could be obtained near the meridian of Brisbane. Or, 
accepting the observed parallax and the earth’s ellipticity, we could find by 
observation the lengths of long arcs on the earth’s surface with high accuracy. 

In any case, I believe that the time must shortly come when the photographic 
method of finding the moon’s place should be taken up more extensively, whether 
it bo used for the determination of the moon’s parallax and the earth’s ellipticity 
or not. The Greenwich meridian observations have been and continue to be a • 
wonderful storehouse for long series of observations of the positions of the sun, 
moon, planets, and stars. ^ In the United States, Harvard Observatory has 
adopted the plan of securing continuous photographic records of the sky with 
particular reference to photometric work. Under Professor Pickering it will 
also continue the photographic record of the moon’s position as long as arrange- 
ments can be made to measure the plates and compute the moon’s position from 
them. 
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“ In spite oj the fact that Harvard Observatory has imdertalieT) to continue for 
the present the work of photographing the moon’s position, I bt^lievo that this 
method i^ould find a permanent home in a national observatory. It has already 
^ shown itself capable of producing the accuracy which the best modern observa* 
tions of Greenwich can furnish, and no higher praise need be given. If this home 
could 1^ found in the southern hemisphere* and more particularly in Australia, 
other advantages would accrue, ^ 

But we should look for more than this. In an observatory whoso first duty 
might be the securing of the best dally records of the sky, the positions of tlie 
sun, stars, planets, a couple of plates of the moon on every night when she is 
visible would be a small matter. What is needed is an organisation so con^ 
structed as to be out of the reach of changing governmental policy with a 
permanent appropriation and a staff of the highest character removed from all 
political influences. It could render immense service to astronomers, not only in 
the Empire but all over the The pride which every Englishman feels who 

has to work with the records of the past furnished by Greenwich would in course 
of time arise from the work of a similar establishment elsewhere. Those of us 
who live in a community which, reckoning by the age of nation<t, is new, know 
that, in order to achieve objects which are not material, sacrifices must bo made; 
but we also know that such sacrifices are beneficial, not only in themselves, but 
as exerting an indirect influence in promoting the cause of higher education and 
of scientific progress in every dircs'tion. In saying this I am not advocating the 
cause of the few, but of the majority j tho least practical investigations of yester- 
day are continu-illy becoming of the gicitcst }>ractical value to-day. 

No address before tliis section is complete without some speculation and a 
glance towards the future. I shall indulge in both to some small extent h<'fore 
elosing. I have shown you what the outstanding residuals in the moon’s motion 
are; they consist mainly of lonjpiiiod iliictnations in the mean longitude. I 
have not mentioned the sooilai thnut^s henau^o the evidence for them does not 
rest on modern observations but on antient eclipses, and those are mattors too 
debatable to discuss in the limited time allotted to me for this address. It may 
be said, howc\er, that the only secular motion which is capable of being deter- 
mined from the modern observations and is not affected by the discussion of 
ancient eclipses — namely, the hccuhir motion of the perigee — agrees with its 
theoretical value well withm the pro]>able ciror. With this remark I pass to the 
empirical terms. 

These unexplained differences between theory and observation may be 
separated into two parts. First, Newcomb’s term of period between 250 and .3(X) 
years and coefficient VSffj and, second, the fluctuations which appear to have an 
approximate period of 60 to 70 years. The former appears to be more important 
than the latter, but from Uie investigator’s point of \ iew it is less so. The force 
depends on the degree of inclination of tho curve to tho zero line or on the 
curvature, according to the hypothesis made. In either case the shorter perio<l 
term is much more striking, and, as I have pointed out on several occasions, it is 
much more likely to lead to the sources of these terms than the longer period. 
It is also, at least for the last sixty years, much better determined from observa 
tion, and is not likely to be confounded with unknown secular changes. 

Various hypotheses have been advanced within the last few years to account 
for these terms. Some of them postulate matter not directly observed or matter 
with unknown constants; others, deviations of tho Newtonian law from its 
exact expression ; still others, non-gravitational forces. M. -St. Blancat * 
examines a variety of cases of intramcn nrial planets and arrives at the conclusion 
that such matter, if it exists, must have a mass comparable with that of Mercury. 
Some time ago I examined the same hypothesis and arrived at similar results. 
The smallest planet with density four times that of water, which would produce 
the long inequality, must have a disc of nearly 2ff in its transit across the sun 
and a still larger planet would be necessary to produce the shorter period term^. 
But observational attempts, particularly those made by Perrine and Campbell, 
have always failed to detect any such planet, and Professor Campbell is of tho 
opinion that a body with so large a disc could hardly have been overlooked. If 

• Annales de In FncvdU dtn Selwn de Tauloun, 1907, 
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wo fall b.ick on a swarm instead of a single body^ we replace one difficulty by 
two.^ Tito light from such a swarm would be greater than that from a single 
l>odyy and would therefore make detection more likely. If the swarm were more 
diffused vre encounter the difficulty that it would not be held together by its 
own attraction, and would therefore soon scatter into a ring; such a ring 
cannot give periodic changes of the kind required. 

The shading of gravitation by interposing matter^ t.g. at the time of 
eclipses, has been exaimned by Boitlinger.^ For one reason alone, I believe this 
is very doubtful. It is difficult to see how new periodicities can be produced ; 
the periods should be combinations of those already present in the moon’s 
motion. The sixty to seventy years* fluctuation staiias out in this respect 
because its period is not anywhere near any period present in the moon’s 
motion or 4any probable combination of the moon’s periods. Indeed 
Dr. Bottlinger’s curve shows this : there is no trace of the fluctuation. 

Some four years ago I examined* a number of hypotheses. The motions of the 
magnetic held of the earth and of postulated fields on the moon had to be 
rejected, mainly because they caused impossible increases in the mean motion 
of the perigee. An equatorial ellipticity of the sun’s mass, combined with a 
rotation period very nearly one month in length, appeared to bo the best of 
these hypotheses. The obvious objections to it are, first, that such an ellip- 
ticity, small as it can be (about 1/^,(X)0), is difficult to understand on physical 
grounds, and, second, that the rotation peiiod of the nucleus which might be 
supposed to possess this elliptic shape in the sun’s equator is a quantity which 
is so doubtful that it furnishes no help from observation, although the observed 
periods are well within the required limits. Dr. Hale’s discovery of the 
magnetic field of the sun is of interest in this (onnectioii. Such a field, of 
non-uniform strength, and rotating with the sun, is mathematically exactly 
equivalent to an equatorial ellipticity of the sun’s mass, so that the hypothesis 
might stand from the mathematical point of view, the expression of the 
in words being alone different. 

The last-published hypothesis is that of Professor Turner,® w'ho assumes 
that the Leonids liav*c finite mass and that a big swarm of them periodically 
disturbs the moon as the oibits of the earth and the swarm intersect. I had 
examined this myself last summer, but rejected it because, although it 
explained the straight line appearance of the curve of fluctuations, one of the 
most important of the changes of direction in this curve was not accounted 
for. We have the further difficulty that continual enroiinters with the earth 
will spread the sw'arm along its orbit, so that the sw’arm w'ith this idea 
should bo a late arrival and its periodic effect on Ihc moon’s motion of 
diminishing amplitude; with respect to the latter, the observed amplitude 
seems rather to have increased. 

The main objection to all these ideas consists in the fact that they stand 
alone : there is as yet little or no collateral evidence from other sources. 
The difficultvt in fact, is not that of finding an hypothesis to fit the facts, 
but of selecting one out of many. The last hypothesis which I shall mention 
is OIK* which is less definite than the others, but which does appear to have 
some other evidence in its favour. 

The magnetic forces, mentioned above, w’cre changes in the dirertiona of 
assumed magnetic fields. If w^e assume changes in the intensities of the fields 
themselves, we tivoid the difficulties of altering portions of the moon’s motion 
otW than that of the mean motion. We know that the earth’s magnetic 
field varies and that the sun has such a field, and there is no inherent impro- 
bability in attributing similar fields to the moon and the planets. If wc 
assume that variations in the strength of these fields arise in the sun and are 
communicated to the other bodies of the solar system, w^e should expect fluctua- 
tions having the same period and of the same or opposite phase but differing in 
magnitude. It therefore becomes of interest to search for fluctuations in 
the motions of the planets similar to that found in the moon’s orbit. The 
material in available form for this piirposc is rather scanty; it needs to be 

' Dm., Freiburg i. Br., 1912. * Amer. Jour, 'Sc., vol. 29. 

* Monthly Notion, December 1913. 
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a lone series of observations reduced on a uniform plan. Tiie best T know 
is in^ewcomVs * Astronomical Constants.’ He gives thoro the material for 
the earth arranged in giH>ups of a few years at a time. 'Phe reaiilts for 
Mercury, given for another purpose, can also be extracted from the same 
place. For Venus and Mars, Newcomb unfortunately onl^ printed the normal 
. equations from which he deduces the constants of the orbit 

On the screen is shown a slide (see below) which exhibits the results for the 
Earth and Mercury compared with those for the moon. In the uppermost 
curve are reproduced the minor fluctuations of the moon shown earlier; the 
second curve contains those ol the earth’s longitude; the third, those of 
Mercury’s longitude! [By accident the mean motion correction has been left 
in the Earth curve; the aero line is therefore inclined instead of being 



horiaontal.] It will be noticed that the scales are different and that the 
Earth curve is reversed. In spite of the fact that the probable errors of the 
results in the second and third curves are not much less than their diver- 
gencies from a straight line, 1 think that the correlation exhibited is of some 
significance. If it is, we have here a force whose period, if period in the 
strict sense it has, is the same as that of the effect : the latter is not then 
a resonance from combination with another period. Wo must therefore look 
for some Mnd of a surge spreading through the solar system and affecting 
planets ana satellites the same way but to different degrees. 

The lowest curve is an old friend, that of Wolf’s sunspot frequency, put 
there, not for that reason, but because the known connection for tho last sixty 
years between sunspot frequency and prevalence of magnetic disturbance 
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tMiables- us with fair pro^bility to extend the latter back ta 1750. With some 
change of phase the periods of high and low maxima correspond nearly with 
tile iiucl nations above. The eleven-year ‘ oscillation is naturally eliminated 
from the group results 1^. the Earth and Mercury* One might expect it to 
be present, iii the lunar curve, but ^ owing to its shorter period we should 
probably i^t obtain a coefficient of over nalf-a-second. Notwithstanding this 
jfact, it is a valid pbjeotion to the hypothesis that there is no evidence of it ; 
in the tttooii’S; motion*. . Reasons may exist for this: but until the mechanism > 
of the definite it is hardly worth while to belabaor ' ^^ 

.the pomtv* ‘‘-y./ ' ’ ' . , ' ' 

The hy^thesis presents many difficulties. > Even if one is disposed to admit 
provisionally a correlation between the four curves— and this is open to con- 
siderable doubt — it Is difficult to understand how, under the electron theory 
of magnetic storms, the motions of moon and planets can be sensibly affected*\^; 
I am perhaps catching at straws in attempting to relate two such different ^ 
phenomena with one another, but when we are in the presence of anoijpalies 
which show points of resemolance and which lack the property of analysis 
into strici periodic sequences some latitude may be permissible. 

In conclusion, what, it may well be asked, is the future of the lunar theory 
now that tho ffravitational effects appear to have been considered in such 
detail that further numerical work in the theory is not likely to advance our 
knowledge very materially ? What good purpose is to be served by continuous 
observation of the moon and comparison with the theory ? 1 believe that tho 
answer lies mainly in the investigation of the fluctuations already mentioned. 

I have not referred to other periodic terms which Iiave been found because 
the observational evidence for their real existence rests on foundations much 
less secure. These need to be examined more carefully, and this examination 
must, 1 think, depend mainly on future observations rather than on the I'ecords 
of the past. Only by the greatest care in making the observations and in 
eliminating systematic and other errors from them can these matters be fully 
elucidated. If this can be achieved and if the new theory and tables serve, 
as they should, to eliminate all the known elTects of gravitation, we shall 
Ihi in a position to investigalc with some confidence the other forces which 
seem to be at work in the solar system and at which we can now only guess. 
Assistance should be alTorded by observations of the sun and xdaiiets, but 
the iiiouii is nearest to us and is, chiefly on that account, the best instrument 
for their detection. Doubtless other investigations will arise in the future. 
Jlut tho solution of the known problems is still to be sought, and the laying 
»)f tlio coping stone on the edifice reared through the last two centuries can- 
not bo a simple matter. Even our abler successors will hardly exclaim, with 
Hotspur, 

‘ Hy heaven, methinks, it were an easy leap 
To pluck bright honour from the pale-faced moon.’ 

They, like us and our predecessors, must go through long and careful investi- 
gations to find out tho new truths before they have solved our difficulties, and 
in their turn they will discover new problems to solve for those who follow 
them : — 

‘ For the fortune of us, that are the mooirs men, doth ebb and flow like 
the sea, being governed, as the sea is, by tho moon.* 


1914 . 
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PUKSIDK.NT OF THK SkcTIOX. — rrofoSSOl* WlLLIAM J. POFF, M.A., 

Lli.lX, P.R.S. 


]\rFLHOri{Nli. 

Fin DAY, AUaUST 14 . 

The ITvsklout delivered the following Addresi^ : — 

The Jiritish Association lia.i been firmly established as one of the institutions 
of our Empire for more than half a century past. The powerful hold which 
it has acquired probably arises from the welcome which every \vorker in science 
extends to an occa.sional cessation of his ordinary routine— a respite during 
which the details of the specific inquiry in hand may be temporarily cast aside, 
and replaced by leisurely discussion wdth colleagues on the broader issues of 
scientific progress. 

Tlie investigator, continually occupied with his own problems and faced witli 
an ever-increasing nias.s of technical literature, ordinarily finds little time for 
reflection upon tho real meaning of his work; ho secures, in general, far too 
few opportunities of considering in a philosophical sort of way the past, present, 
and future of .his own particular branch of scientific activity. It is not difficult 
to form a fairly accurate survey of tho position to wdiich Chemistry had attained 
a goiieratiun ago, perhaps even a few years ago; probably no intellect at 
present existing could pronounce judgment Uimii the present position of our 
science in terms which w'ould coiumeiid themselves to tho historian of the 
twenty-first century. Doubtless even ono equipped witli a cornplelo knowledge 
of all that has been achieved, standing ou tho very frontier of .scientific advaiu e 
and peering into tiie surrounding darkness, would be quite incompetent to 
make any adequate forecast of the conquests which will be made by chemical 
and physical science during tho next fifty years. At the same time, chemical 
history tells us that progress is tho result in large measure of imperfect attempts 
to appreciate the present and to forecast the future. I therefore propose to lay 
before you a sketch of the present position of certain branches of chemical 
knowledge and to discuss the directions in which progress is to be sought; none 
of us dare cherish the conviction that liis views on such matters are correct, but 
everyone desirous of contributing towards the development of his science must 
attempt an appreciation of this kind. The importance to the worker and to 
the subject of free ventilation and discussion of tho point of view taken by tho 
individual can scarcely be over-estimated. 

The two sciences of Chemistry and Physics were ^t one time included as 
parts of the larger subject entitled Natural Philosophy, but in the early part 
of the nineteenth century they drew apart. Under the stimulus of Dalton’s 
atomic theory, Chemistry developed into a study of the interior of tho molecule, 
and, as a result of the complication of the observed phenomena, progressed from 
stage to stage as a closely reasoned mass of observed fao|9 and logical con- 
clusions. Physics, less entangled in its infancy with numbers of experimental 
data which apparently did not admit of q^ntitative correlation, was developed 
largely as a branch of applied mathematics; such achievements of tho formal 
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Pliyaics of the last century as the mathematical theory of light and the kinetic 
theory of gases are monuments to the powers of the human intellect. 

'J’he path of Chemistry, as an application of pure logical argument to the 
interpretation of complex masses of observations, thus gradually diverged from 
that taken by Physics as the mathematical treatment of less involved experi- 
mental data, although both subjects derived their impetus to development from 
the speculations of genius. 

It is interesting to note, however, that during recent years the two sciences, 
which were so sharply distinguished twenty years ago as to lead to mutual 
misunderstandings, are now converging. Many purely chemical questions have 
received such full quantitative study that the results are susceptible to attack 
by the methods of the mathematical physicist ; on the other hand, the intense 
complication perceived during the fuller examination of many physical problems 
has led to tlieir interpretation by the logical argument of the chemist because 
the traditional mathematical mode of attack of the physicist has proved power- 
less to deal with the intricacies exhibited by the observed facts. 

The progress of Chemistry during the last century has been mainly the result 
of the co-ordination of observed facts in accordance with a series of hypotheses 
each closely related in point of time to the one preceding it. The atomic theory, 
ns it was enunciated by Dalton in 1803, was a great impetus to chemical investi. 
gntion, but proved insufficient to embrace all the known facts; it was supple- 
iruMited in 1813 by Avogadro’a tlieorem— that equal volumes of ga.ses contain the 
same numbers of molecules at the same temperature and pressure. Those two 
imf)oriant theoretical developments led to the association of a definite physical 
meaning with the idea of molecular composition, but ultimately proved 
insufficient for the interpretation of the ever-increasing mass of chemical know- 
ledge collected under their stimulus. A further great impetus followed the 
introduction by Frankland and Kekul6, in 1852 onwards, of the idea of valency 
and the mode of building up constitutional formulee ; the conception of molecular 
constitution thus arose as a refinement on the Daltonian notion of molecular 
composition. Jn course of time the theoretical scheme once more proved 
insufficient to accommodate the accumulated facts, until, in 1874, van *t Hoff 
and Le Bel demonstrated the all-important part which molecular configuration 
plays in the interpretation of certain classes of phenomena knowm to the 
organic Chemist. 

During the early days of chemical science — those of Dalton’s time and perhaps 
also those of Frankland and Kekule — w’^e can believe that chemical theory may 
liave lacked the physical reality which it now seems to us to present; the 
attitude of our predecessors towards the theoretical interpretation of their 
observations was rather that described by Plato : ‘ as when men in a dark 
cavern judge of external objects by the shadows which they cast into the 
cavern.' In tlie writings of the most clear-sighted of our forerunners we can 
detect an underlying suspicion of a possibility that, at some time or other, the 
theory by means of which chemical observations are held together may undergo 
an entire reconstruction; a very few years ago Ostwald made a determined 
attempt to treat our science without the aid of the molecular hypothesis, and 
indeed suggested the desirability of giving the Daltonian atomic theory decent 
burial. 

The last ten years or so has seen a change in this attitude. The development 
of Organic Chemistry has revealed so complete a correspondence between the 
indications of the conception of molecular constitution and configuration and 
the observed facts, and recent work on the existence of the molecule, largely 
in connection with colloids, with radioactivity, and with crystal structure, is so 
free from ambiguity, that persistence of doubt seems unreasonable. Probably^ 
most chemists are prepared to regard the present doctrine of chemical consti- 
tution and configuration as proven; although they may turn a dim vision 
towards the next jgreat development, they have few misgivings as to the stability 
of the position which lias already been attained. 

Let us consider how far the study of Organic Chemistry has hitherto led us ; 
we may pass over the gigantic achievements of those who in past generations 
determined constitution and performed syntheses, thus m^ing Uie subject 
one of the most perfect examples of scientific classification which exist, and turn 

V 2 
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in t))o qnoi^tion of molecular confiffuration. In 1815 Biot observed that certain 
liquid organic stibsiaiioes deflect the plane of polarisation of a transmitted ray 
of light cither to the right or to the left; lialf-U'Coiitury later Pastenr anil 
Patern5 pointed the obvious conclusion, namely, that the right* or left-handed 
deviation thus exerted must be due to a corresponding right- or left-handedness 
in the configuration of the chemical molecule. A scheme representing such right- 
or left-handeduess, or enantiomorphism, was first enunciated by van ’t Hoff and 
Le Bel upon the basis of the previously established doctrine of chemical con- 
stitution; briefly stated, the idea, suggested was that the methane molecule, CH^, 
was not to bo regarded as extended in a plane in the manner represented by the 
Frankland-Kekule constitutional formula, but as built up symmetrically in three- 
dimensional space. The carbon atom of the methane molecule thus occupies the 
centre of a regular tetrahedron, of which the apices are replaced by the four 
hydrogen atoms. A methane derivative, in which one carbon is separately 
attached to four different univalent atoms or radicles of the type CXYZW, 
should thus exist in two cnantiomorphous configurations, one exhibiting right- 
and the other left-handedness. The inventors of this daringly mechanistic inter- 
pretation of the far less concrete constitutional formules were able to interpret 
immediately a large number of known facts, previously incomprehensible, by 
means of their extension of the Frankbind-Kckule view of constitution. They 
showed that every substance then known, which in the liquid state exhibited 
so-called optical activity, could be regarded as a derivative of methane in which 
the methane carbon atom was attached to four different univalent atoms or 
groups of atoms; a methane carbon atom so associated is termed an asymmetric 
carbon atom. It is of interest to note that the van *t Hoff-Txj Bel deduction 
resulted from the discussion of the behaviour of organic substances of some 
molecular complexity; the optically active substances then known were 
mostly the products of animal or vegetable life, and among them none occurs 
which contains less than three C 4 \rbon atoms in the molecule. Lactic acid, 
CH, . CH(OH) . CO . OH, is practically the most simple optically active sub- 
stance of natural occurrence; it contains twelve atoms in the molecule, and it has 
only recently been found possible to associale optical activity with a much 
more simply constituted substance, namely, chloriodomethanesulphonic acid 
CHCll . SO 3 H, the molecule of which contains less than 5 per cent, of carbon 
and only nine atoms, four more than the minimum number, five, wliiih 
theoretically can give rise to optical activity.* 

The working out of the practical consequences of the doctrine of tlie tetra- 
hedral configuration of the methane carbon atom by von Baeyer, Fimil Fischer, 
and Wislicenus is now a matter of history ; the acquisition of masses of experi- 
mental data, broad in principle and minute in detail, placed the van ’t Hoff- 
Le Bel hypothesis beyond dispute. The rapid growth of Organic Chemistry as 
a classified subject contrasted strongly with that of Inorganic Chemistry, in 
which the collection of a great variety of detailed knowledge incapable of far- 
reaching logical correlation formed the most striking feature; in fact, the exten- 
sion of the conclusion, proven in the case of carbon compounds, that the 
Frankland-Kekul4 constitutional formnlsB must be translated into terms of three- 
dimensional space, to compounds of elements other than carbon, did not imme- 
diately follow the application of the theory to this element. Twenty years ago, 
indeed, the idea prevailed that carbon compounds differed radically from those 
of other elements, and we were not prepared to transfer theoretical conclusions 
from the organic to the inorganic side of our subject. In 1891, however, Le Bel 
stated that he had found optical activity associated with asymmetry^ of a 
qninquevalent nitrogen atom; although the experimental work upon which this 
conclusion was founded is now known to be incorrect, ^ the conception thus put 
forward was important, as suggesting that the notion of space configuration could 
hot be restricted logically to methane derivatives. When it was proved in 1899 
.^that benzylphenylallylmethylommonium iodide could exist in a right- and left*^ 
.handed configuration, it became necessary to admit that the spacial arrangement 
,o£ the parts of a chemical molecule, previously restricted to methane derivatives^, 
must be extended to ammonium salis^* 

I Pope and Bead, Trnns. Ohm. 8oe., 1014, 104, 811. « Ibid., 1012^ 101, 619. 

» Pope ami 
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The (lemoustration that optical activity, or enantiomorphism, of molecular con- 
figuration is associated not onJv with the presence of an asymmetric quadrivalent 
carbon atom, but also wjth that of a nitrogen atom attached to live different 
radicles, was the result of an improvement of technique in connection with the 
study of optical activity; previously the resolution into optically active compo- 
nents of a potentially optically active basic substance had been attempted with 
the aid of naturally occurring optically active weak acids of the general type of 
r/-tartaric acid. The application of the strong d- and f-bromocamphorsulphonic 
acids and the d- and I-camphorsulphonic acids to such purposes rendered 
possible the isolation of the optically active substances containing no asymmetric 
atom other than one of quinquevalent nitrogen. The resolution of asymmetric- 
quaternary ammonium salts of the kind indicated was rapidly followed by the 
preparation of optically active substances in which the enantiomorphism is asso- 
ciated with the presence of an asymmetric sulphur, selenium, tin, phosphorus, or 
silicon atom; compounds of the following constitutions were thus obtained in 
optically active m^ifications : — 


C,H^ ^CH, 

So ; 

/|\ ’ / \ / \ 

0,H, CH, Cl CHj.CO.OH Cl CO . C.U* 


C,H. C.H, C,H, CH, 


CH, C.H, C,H, 

\n'^ ; ; 

/ \ 

C,H, I 0 CH, 

C,H. C,H, 

SO,H . C.H, . CH, . Si . 0 . Si . CH, . C.H, . SO,H. 
C,H, C,H, 


In all this work, and amongst all the varied classes of optically active com- 
pounds prepared, it was in every instance possible to indicate one particular 
quadrivalent or (piinquevalcnt atom in the molecule which is separately attached 
to four or five different atoms or radicles ; the enantiomorphism of molecular coii- 
liguration may be detected, in fact, by the observation that such an asymmetric 
atom is present. It must, however, be insisted that the observed pptical activity 
is the result of the enantiomorphism of the molecular configuration ; the asyin- 
mcti’y of a particular atom is not to be regarded as the cause of the optical 
activity but merely as a convenient geometrical sign of molecular enaiitio- 
morphism. In 1874 van *i Hoff realised that molecular enantiomorphism and 
optical activity might conceivably exist without the presence of an asymmetric 
carbon atom, and suggested that compounds of the type 



should be of this kind. Previously this particular case hiid escaped realisation 
experimentally, but an example fulfilling similar conditions was described in 
1909; in this year the d- and Msomerides of l-methylcyclohexylideiie-4-acetic 

h/ \cH, , CH,/ \CO . OH 

were obtained.^ The consideration of the constitution of these substances shows 

. ^ Perkin, Pope, and Wallaoli, Tram, Chm, Sac., 1909,96, 1789; Perkin and Pope, 
Tram, Ck§m, Moc,f 99, 1510. 
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;.no; i^bon Atom ^v]|ich m attached to' foui* diSeir^t 'muikii, " biit liudy of the 
, solid model representing the molecular configuration built up in accordance with 
fthe van *t Hoff-WisHcenus conclusions reveals the enamiomorphistn. 

It is of some importance^ to note that the configurations assigned to such 
-optid^y active substances as have been mentioned above, on the basis of the 
experimental evidence, are of as symmetrical a character as the conditions 
. permit; the Kekule formula for methane, CH., in which all five atoms 'lie in 
" the same plane, is not of so highly symmetrical a diaracter as the van 't H^ff- 
Le Bel configuration in which the four hydrogen atoms are situate at tho apices 
of a regular tetrahedron described about the carbon atom as centre. Some 
iutiueiice seems to be operative which tends to distribute the component radicles 
in an unsymmetrical molecule iii as symmetrical a maimer as possible; recent 
work indicates, however, that this is not always true. During tho past few 
years Mills and Bain ® have shown that the synthetic substance of the constitution 


CH, CE,.CH. 

\C/ V:N. 

h/ \ch,.oh/ 


OH 


can be resolved into optically active modifications. Tho c«uiclusion S thus 
, forced upon us that the trivaleiit nitrogen atom in such compounds is no 
environed in tho most symmetrical manner possible by the surrounding coin* 
pouents of the molecule; the experimental verification which the conclusions of 
Hantpeh and Werner, concerning the isomerism o£ tho oximes, thus derive, 
constitutes the first really direct evidence justifying their acceptance. 

Quite recently, and by the application largely of the optically active powerful 
suiphoiiic acids derived from camphor, Werner has made another great advance 
in connection with the subject of optical activity. He has obtained a number 
of complex compounds of chromium, cobalt, iron, and rhodium in optically active 
modifications. 

The foregoing brief statement probably suffices to indicate the progress 
which has been made during the ]a.st twenty years in demonstrating that the 
atoms or radicles as.sociated in the chemical molecule do not lie in one piano 
but are disposed about certain constituent atoms in three-diineiisionul space; 
careful study of the present stage of progress shows that we must attribute to 
molecular configuration, as determined by modern chemical methods, a very 
real significance. It can no longer be supposed to possess the purely diagram- 
matic character which attached to the Fratikland-Kekulo constitutional forinulaf'; 
it seems to be proved that the men who developed the doctrine of valency were 
not merely pursuing an empirical mode of classification, capable of various modes 
of physical iiiterpretation, but were devising the main scheme of a correct 
mechanical model of the chemical universe. 

The development of a branch of science such as that now under discussion 
is, to a considerable extent, an artistic pursuit; it calls for the exercise of 
manipulative skill, of a knowledge of materials, and of originality of conception, 
which probably originate in intuition and empiricism, but must be applied with 
scientific acumen and logical judgment. Fur reasons of this kind many gaps 
occur in our present knowledge of the subject ;• although so many important 
conclusions find an unshakable foundation on facts relating to optical activity, 
we have as yet no clear idea as to why substances of enantiomorphous molecular 
configuration exhibit optical activity. Great masses of quantitative data 
referring to optical activity have been accumulated; something has been done 
towards their correlation by Armstrong, Frankland, Pickard, Lowry, and 
others, but we still await from the mathematical physicist a theory of optical 
activity comparable in quantitative completeness to the electro-magnetic theory 
of light. Until we get such a theory it seems unlikely that much further 
progress will be made in interpreting quantitative determinations of rotation 
constants. 

That aspect of stereochemist^ which has just been so briefly reviewed 
. reprcseut.«i a situation which has %een attained during the natural developinont 


^TrwM. Cheph Soe:, 1010, ISCfi* 
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of Organic Chemist^' by methods which have nW become traditional ; progress 
has been made by the application of strictly logical methods of interpretation 
to masses of experimental data, and each new conclusion has been (decked and 
verified by the accumulation of fresh contributions in the laj^ratory. The 
sureness of the methods adopted could not fail to lead to we intrusion of. 
stereochemistry into adjacent fields of scientific activity; bio-chemistiy, the 
study of the chemical processes occurring in living organisms, is already largely 
dominated by stereochemistry, and the certainty with which stereochemistry has ' 
inspired us as to the reality of the molecular constitution of matter is exerting 
a powerful influence in other branches of natural science. Qujte possibly, 
however, the acquaintance which every chemist possesses of the great progress 
already made upon one particular set of lines is to some extent an obstacle 
to his appreciation of new directions in which further great stereochemical 
advances may be anticipated. 

A little reflection will show that the study of the relation between the 
crystalline form and chemical constitution or configuration of substances in 
general may confidently be exp^tod to lead to important extensions of our 
knowledge of the manner in which the atoms are arranged in molecular com- 
plexes. The earlier crystallographic work of the nineteenth century led to the 
lonclnsion that each substance affects some particular crystalline form, that the 
regular external cry.«!talline shape is an expression of the internal structure of 
the crystal, {ind that a determination of the simpler properties— geometrical, 
(optical, and the like —of a <‘rystalline material constitutes a mode of cnmj)letely 
rbaviicterising the substance. T/ater work during the last century demonstrated 
that the properties of crystalline substances arc in entire harmony with a simple 
assiimptirjii as to the manner in which the units or particles of the material 
ar(} arranged; the assumption is that the arrangement is a geomeirically 
‘ homogeneous * one, nawoly, an arrangement in which similar iwits are uni- 
formly ropeatod throughout the structure, correspomiing points presenting every- 
where a similar environment. The assumption of homogeneity of structure 
imposes a definite limitation n])on the kinds of arrangement which are possible 
in crystals; it loads to the inquiry as to how many types of homogeneous 
arrangement of points in space arc possible, and to the identification of these 
types with the known cl5is.ses of crystal symmetry. The final conclusion has 
been attained that there are 230 geometrically homogeneous modes of distributing 
units, or points representing material particles, throughout space; these, the 
sO’Called 230 homogeneous ‘point-systems,’ fall into the thirty-two types of 
.symmetry exhibited by crystalline solids. Tlie solution of the purely geometrical 
problem here involved was commenced by Frankenheim in 1830, and finally 
completed by Barlow in 1804; it brings us face to face with the much larger 
stereochemical ])roblem — that of determining what the units are which become 
lioniogeneously arranged in the crystal, why they become so arranged, and in 
what way a connection can bo cstjiblished between clicmical constitution and 
crystal structure. 

Since the conception of homogeneity of striictpre alone is clearly insufficient 
for the interpretation of the more advanced problem, some further assumption 
must be made as a foundation for any really comprehensive attempt to collate 
the quantities of isolated facts bearing upon the subject. Of the many assump- 
tions which have been made in this connection only one, which may now he 
stated, has as yet proved fruitful in the sense that it serves to correlate large 
numbers of known experimental facts, and that it indicates the way to the 
discovery of fresh facts. The assumption is that each atom in a crystalline 
structure acts as a centre of operation of two opposing forces ; (a) a repellent 
force, attributable to the kinetic energy of the atom, and (6) an attractive 
force, both forces, like gravity, being governed by some inverse distance lawl 
Such an assumption forms an essential part of the classical work of Clerk 
Maxwell and van der Waals on the kinetic theory of gases and liquids. Its 
application to solid crystalline substances, where it must be applied in con- 
junction with the principle of structural homogeneity, was made by Barlow 
and myself in 1906. 

The operation of the assumption just stated is , readily visualised by con- 
sidering ibe simplest possible case, that, namely, of a crystalline element each 

• ' ^ 'I?!, ' ' • . 
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. .siiaiiair;': Consideration of this kind of case shows that the m identically 
‘ ' similar centres of attracting and opposing forces will be in eonilibrium when 
/.x one particular pimple condition is fdfilled; the condition is that/ with , a given 
'density of packing of the centres, the distance separating nearest centres is a 
; maximum. Two homogeneous arrangements of points fulfil this condition, and 
these exhibit the symmetry of the cubic and the hexagonal crystalline systems. 

Since the nature of the two arrangements of points is not easily realised by 
mere inspection, the systems must be presented in some alternative form for 
the purpose, of more clearly demonstrating their properties ; this is done con- 
venieiitly by imagining each point in either arrangement to swell as a sphere ** 
until contact is made with the neighbouring points. The two arrangements then 
those shown in Figs. 1 and 2, and are distingnisbod as the cubic ;imi 
-.' the hexagonal closest-packed assemblages of equal spheres; they differ from 
all other homogeneous arrangements in presenting maximum closeness of packing 
of the component spheres. The equilibrium condition previously remarked - 
tlmt, with a given density of distribution of. the force centres in space, tin* 
distance separating nearest centres is a maximum — ^is revealed in the assemblages 
. of spheres as the condition that the spheres are arranged with the maximum 
closone.ss of parking. 

A further step is yet necessary. Each point in the arrangements considered 
is regarded as the mean centre of an atom of the crystalline element, but tfu* 
assumption originally made states nothing about the magnitude of the ntnm 
itself ; it is therefore convenient to regard the whole of the available space as 
filled by the atoms, without interstices. This is conveniently done by iinaginiiv>; 
tangent planes drawn at each contact of sphere with sphere, so partitioning 
the aifhilable space into plane*sided polyhedra, each of which may be described 
as the domain of one component atom. The twelve-sided polyhedra thus 
derived from the cubic and the hexagonal assemblages represent the solid areas 
throughout which each atom exercises a predominant influence in establislting 
the equilibrium arrangement. 

The two assemblages can now be described in a quantitative manner by 
stating the symmetry and also the relative dimensions of each. The cubic 
assemblage exhibits symmetry identical with that of the cube or the regular 
octahedron, a symmetry characteristic of so-called holohedral cubic crystals; 
the relative dimensions in different directions are defined by the symmetry. 
The assemblage can, in fact, be referred to three axes parallel to the edges of a 
cube, and as tliese directions are obviously similar in a cube, their ratios are of the. 
form, « : 6 : c = l ; 1:1. ITiis expression indicates that if the assemblage, sup- 
posed indefinitely extended through space, is move<l hy a unit distance in either 
of the three rectangular directions a, h, and c, the effect, an examined from any 
' point, is as if the assemblage had not been moved at all. 

The symmetry of the hexagonal assemblage is identical with that of a 
hexagonal prism or of a double hexagonal pyramid, and is that characteristic 
of the so-called holohedral, h0xagonal, crystalline system; the relative dimen- 
sions are no longer defined entirely by the symmetry, and are conveniently stated 
as the ratio of the diameter, a, of the prism or pyramid, to the height, c, of 
the pyramid. The ratio, a : c, for the assemblage of spheres under discussion 
can be calculated ; it a8same.8 two forms, corresponding to two modes of selecting 
alternative principal diameters of the prism as unit. The alternative ratios are : 

• a: : 1*63.30 or n : c:=-l : 1-4H2‘ 

This somewhat lengthy theoretical discussion has now reached a stage at 
If which it can be applied to the observed facts; the accompanying table (Table J.) 
f 5 states the mode in which crystalline substances of different degrees of molecular 
f complexity distribute themselves amongst the various crystal systems. Of the 
- * ■ elements which have been Crystallograpnically examined, 60 per cent, are cubic, 
'.whilst a further 35 per cent, are hexagonal : and consideration of the data for 
: . V Vt^ese latter shows that they%xhibit approximately the axiarratios characteristic of 
the hexagonal closest-packed assemblage; thus magnesium shows a : c»l ; ],*6242^ 
and arsenic the ratio a j c«l i !• 
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System 
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Inorganic Substances, the Number of 
Atoms in the Molecule of which is 
respectively j 

Organic 

Sub- 

stances 


1 

2 I 

Elements 

1 

3 4 

5 

More 
than 5 

Cubic . 

Por CtMit. 

. . no 

68-5 

42 

5 

12 

5.8 



2-5 ! 

flexagonal . 
Tf'.tragoiml * 

. . 35 

19*5 

11 

35 

38 

14-6 

40 

. . 5 

4*5 

19 

5 

6 

7 

5*0 

Orthorhombic 

. . 5 

30 

23*5 

50 

36 

27-3 

340 

Monosymmotric , 

. . 5 

4*5 

3 

5 

U 

37*3 

i 47-6 

Auovihic 

. . 0 

0 

1T> 

0 

2 

8 

, 7 0 

585 

■Numlwr ol oaMcs oxamirved 
for each veili< al column 140 

67 

63 

20 

50 

673 


Whilsfc the crystal structure of some 85 per cent, of the crystalline elements 
seems to be in general agreement with the simple assumption of equilibrium 
which has been made, the divergence presented by about 15 per cent, of the 
(‘lements still awaits explanation. The previous discussion applies to the 
theoretically simple case of a monoatomic element; many of the elements are, 
however, ceitainly polyatomic. Imagine, therefore, that in the crystal structure, 
agreeing with the cubic or hexagonal arrangement just described, the similar 
atoms are grouped to form complex molecules, each containing two or more 
atoms; the geometrical effect^ of this grouping, if any, should be, first, to 
degrade the symmetry of the structure, and, secondly, to slightly alter its 
relative dimensions. It would therefore be expected that if the elements which 
are neither cubic nor hexagonal owe their departure from those systems to 
molecular aggregation, the crystal dimensions should approximate closely to those 
of the two ideal assemblages ; this is, indeed, found to be the case. Monosymmetric 
sulphur, for instance, exhibits the axial ratios, n : 6 : c=0'd958 : 1 : 0*9988, 
/?=95® 46'; the relative dimensions in the three directions, a, 6, and c, are 
almost the same as in the cubic system, and the angle between the directions 
a and c is ^=95° 46', instead of 90°. This siihstanre has nearly the dimensions 
of a cubic crystal, and is obviously ‘ pseudo-cubic * ; the same is true of all other 
elements which depart from true cubic or hexagonal symmetry. 

The crystalline forms presented by the elements are consequently in accordance 
with the assumption that the crystal structures are equilibrium arrangements of 
the component atoms of the two kinds described. It is also indicated that 
aggregation of the atoms to form molecular complexes is responsible for the 
departure from simple cubic or hexagonal symmetry; in this connection it is 
interesting to note that the strongly coloured elements depart most widely from 
these two systems. Thus, the colourless modifications of carbon and phosphorus 
are cubic, whilst the black graphite is monosymmetric and the red phosphorus is 
orthorhombic in crystal form ; this is in accordance with the general view that 
colour is the result of some particular kind of molecular aggregation. 

Although so much general correspondence of a quantitative character is to be 
observed between the observed facts and the anticipations developed from the 
equilibrium assumption, it has become evident during the last year or two that^ 
the conception formed as to tlie nature of the equilibrium which determines the 
arrangement of the atoms in a crystalline element is of too simple a character. 
In 1912 Laue showed that on passing a narrow pencil of X-rays through a crystal 
plate the emer^nt rays were capable of forming a regular, geometrical pattern of 
spots upon a photographic plate placed to receive the emergent beam ; the pattern 
of spots thus produced was in agreement with the symmetry of the direction in , 
the crystal plate in which the beam was passed. This discoyery was developed 
and very considerably extended by Bragg, who was able to show that an X-ray 
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beam nndergbea reflection at the surface ot a crystal plate. The interpretation 
of the novel results indicates that the homogeneous crystal structure acts upon 
the X-ray beam much as a solid diffraction grating might be expected to do, and 
that each deflected transmitted ray is a reflection from one sot of parallel planes 
of atoms in the crystal. 

The experimental and theoretical study of the X-ray effects has been prose- 
cuted with brilliant success by W. H. and W. L. Bragg, the result being that a 
method is now available which makes it possible to determine, with very great 
p^babillty, the actual arrangement of the constituent atoms in crystal structure. 
Sufficient time has nqt yet elapsed for the thorough exploitation of this new 
and fruitful field of research, but many data are available already for com- 
parison with the conclusions drawn from the consideration of the equilibria 
possible in crystal structures ; it is found that the two methods do not at once lead 
to identical conclusions. Thus, in accordance with the first method, the structure 
of the diamond would be indicated as some slight modification of the cubic 
closest-packed assemblage of equal spheres, the modification consisting in the 
main of a grouping of sets of atoms which leads to the partial cubic symmetry 
which the diamond apparently exhibits; one particular mode of grouping wjiich 
leads to the required result consists in supposing tlie carbon atoms formed into 
sets of four, tetrahedrally arranged, two oppositely orientated sets of such tetra- 
hedral groups being distinguished. If each of these tetrahedral groups bo 
replaced by a single point situated at the group-centre, the structure which the 
Bragg experiments indicate for the diamond is obtained. 

The simple geometrical relationship which thus exists between the two .sug- 
gested structures for diamond raises a suspicion that tlic particular form in which 
the assumption of equilibrium is stat-cd requires cjiuilification : that possibly the 
domain of the carbon atom when packed with others, as in the diamond, does 
not become converted into a rhombic dodecahedron, but into a polyhedron roughly 
tetrahedral in shape. 

Leaving this particular point for the moment and turning again to Table I., 
it is seen that the binary compounds, like the elements, also tend to crystallise in 
the cubic or hexagonal systems; the axial ratios of the hexagonal binary com- 
pounds approximate very closely to the value, n t calculated for the 

closest-packed, hexagonal as.’?emblage of equal spheres. The values of c/n for 
all the known cases arc : BeO~l--63C5, ZnO~l'(K)77, ZnS- 1*6350, CdS- 1*6218, 
and Agl- 1*6392. 

Assemblages representing the crystal structures of the cubic and hexagonal 
binary compounds may be derived from the two closest-packed asisemblages of 
similar spheres already described, by homogeneously replacing one half of the 
spheres by different ones of the same size. The degrees of symmetry presented 
by these arrangements arc not so high as those of the unsubstituted assemblages ; 
this is in accordance with the fact that the crystals themselves have not the full 
' symmetry of the holohcdral cubic or hexagonal system. Tims, on warniiug a 
hexagonal crystal of silver iodide, one end of the principal axis c becomes 
positively, and the other negatively, electrified. The axis c is thus a polar axis, 
having different properties at its two ends; this axis will be found to be polar in 
the model. Again, when hexagonal silver iodide is heated to 145°, it changes 
its crystalline form and becomes cubic; this so-called polymorphous change can 
be imitated in the hexagonal model by slightly shifting each pair of layers of 
' spheres in the assemblage. 

A very close agreement thus exists between the properties of the assemblages 
' deduced and the observed properties of those binary compounds which crystallise 
. in the cubic or hexagonal systems. The remaining 12 per cent, or so arc not, in 
general, pseudo-cubic or pseudo-hexagonal, and it is noteworthy that they com- 
prise those binary compounds in which the two component elements have not the 
; same lowest valency; amongst them are the substances of the compositions, 
PbO, FeAs, HgO, AsS, and CuO. 

On comparing the structures of the binary crystalline compounds indicated by 
the foregoing method of consideration with those deduced by the Braggs, dis- 
crepancies are again obvious ; again, however, the former assemblage is converted 
into the latter by replacing groups of spheres by their group-centres. The rela- 
tion thus rendered apparent is onoe more a sug(;e$tion that the t^pe of equilibrium 
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conditiutiis originally aHsuined is too simple. It will be seen, however, that 
the Bra^g results furnish a proof of one part of the assumption made concerning * 
equilibrium, namely, that each component atom operates separately ; ,the dis- 
cussion of the properties of crystals on the assumption that the crystal sWucture 
may be regarded as built up of similar mass-points, due to the mathematical 
physicists of the last century, therefore requires to be reopened. Thus, the 
Bragg structure of rock-salt is represented by dividing space into equal cubes by 
three sets of parallel pianos and replacing the cube corners encountered along the 
directions of the cube edges by chlorine and sodium atoms alternately; each 
chlorine atom then has six sodium atoms as its nearest and equally distant neigh- 
bours. With which of the latter the one chlorine atom is associated to form a 
molecule of sodium chloride is not apparent from the nature of the crystal 
structure. 

Time need not be now occupied with the further discussion of the crystalline 
Ktructurc of simple substances; until the discovery of the X-ray effects thus 
briefly described, no direct method of determining those structures was available, 
and, ill view of the paucity of the experimental data, only the possibilities of 
arrangement could bo considered iii the light of the Barlow-Pope mode of treat- 
ment. It will, however, be useful to review some of the results which accrue 
from this latter method of regarding the problem of crystal structure in general. 

Taking the general standpoint, which is also in accordance with the Bragg 
results, that each component atom of a crystalline structure has a separate 
spacial existence, and premising that the atomic domains are close-packed in the 
assemblage in accordance with some particular type of equilibrium law, it 
becomes obvious that crystalline structure presents a volume problem. The law 
arrived at after a careful investigation of the subject — the so-called law of 
valency volumes — states that in a crystalline structure, the component atoms 
occupy domains approximately proportional in volume to the numbers represent- 
ing the fundamental valencies of the elements concerned; the student of the 
subject of molecular volumes will hardly accept this conclusion without con- 
vincing evidence of its correctness — it indicates, for instance, that in crystalline 
potassium sulphate, if the atomic volume of potassium is taken as unity, those of 
siil])hur and oxygen each have the value two. Many difFeront lines of crystal- 
lographic argument converge, however, to this law, and, if the latter is in the 
end found to be incorrect, it at least represents something fundamental which still 
awaits enunciation in a more generally acceptable form. A few illustrative 
instances may be quoted. 

If valency be a volume property, the relation should be revealed in the 
compositions of chemical substances, especially those of composite character. 
The sum of the valencies in potassium sulphate, K.SO^, is 12, and in ammonium 
sulphate, (NIIJ^SO^, 24, just twice the number; the two substances are so closely 
related that they crystallise together to form ‘solid solutions* (isomorphous 
mixtures). Similarly, in the alums, such as KjSO^-f Al2(S04).,-f 24 H 2 O, the 
valencies are 12+36-f96; the sum of the valencies of the water present, 96, is 
just twice that, 48, of those exhibited by the metallic sulphates. Similar 
curious numerical relationships occur in each of the well-defined series of double 
salts. 

Again, if tho valency volume law hold for two substances of different crystal- 
line form, such as orthorhombic rubidium nitrate, EbNO,, and rhombohedral 
sodium nitrate, NaNO,, the metal, the nitrogen and the oxygen in each com- 
pound should have the respective atomic volumes, 1, 3, and 2. As the sub- 
stances differ in density the absolute values of the atomic volumes of nitrogen and 
oxygen will differ in the two substances as examined at the same temperature; 
the ratios of the atomic volumes in either compound should, however, be as 
stated. Considering this conclusion in conjunction with the fact that these 
crystalline compounds represent symmetrically constructed assemblages, it would 
seem that the relative dimensions of the one crystal structure should be traceable 
in those of the other. Orthorhombic rubidium nitrate exhibits the axial ratios, 
a : c=l*7336 :•! : 0'7106," three rectangular co-ordinates, a, b, and c, being 

used as the directions of reference; rhombohedral sodium nitrate exhibits 
c( : : 0*8276, the co-ordinates being three axes, a, making angles of 120^ in 

one plane, and a fourth axis c, perpendicular ta a. On converting the axial 
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used for rubidium uiti;atc, the valuei a i e»l ; 0*8279; becomea^; 

n :b : c-1-7320 i h b-715L 

These values approximate very closely to those obtained by direct measure- 
ment of the orthorhombic rubidium salt. It seems difficult to avoid the con- 
clusion that the two dissimilar crystalline structures are built up by the arrange- 
meni of layers or blocks of the same relative dimensions in two different ways, 
the molecule of sodium nitrate, NaNO„ possessing practically the same relative 
dimensions as that of rubidium nitrate, RbNOa; this, of course, is in disaccord 
^vith the classic conception of atomic volume, but agrees entirely with the valency 
^ volume law. 

f Another remarkable body of evidence is found in the interpretation of many 
morphotropic relationships between organic and inorganic substances which Jiavo 
been long recognised but have hitherto eluded interpretation. The description 
of one or two cases will make tiie bearing of the law of valency volumes clear in 
this connection. 

(f-Camphoric anhydride, and d-cainphoric acid crystallised with 

acetone, 1/2 (CHJXO, both crystallise in the orthorhombic system 

and exhibit the axial ratios stated in the following Table II. : — 


C10H14OS . . . 

C,oH,A, 1/2 (CHshCO 


W 

60 

74 


Table II. 

a : h : c 

10011 : 1 : 1*7270 
1*2386 : 1 : 1*7172 


3-2^ ! 3-^18 ; 
4 0435 : 3-2646 i 
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The ratio c/b is approximately the same in the two cases and general 
similarity exists between the two crystalline substances. It will be observed 
that the values of a/b are very nearly in the ratio of the sums of the valencies, 
W, making up the two molecular complexes, namely, 60 : 74-100:123. This 
and similar cases may be more conveniently discussed with the aid of the so- 
called equivalence parameters; these are file edge lengths, x, y, and i, of a 
parallelepipedon of which the volume is W, the sum of the valencies in the 
molecule, and of which the linear and angular dimensions express the crystal- 
lographic axial ratios. Thus, for orthorhombic substance, xyzr^W, and 
x; y : z^a : b : c; the equivalence parameters of the two substances under dis- 
cussion are given in the table, and it will be seen that whilst y and z are almost 
identical for the two, the z values differ considerably. This correspondence 
indicates clearly that in passing from camphoric anhydride to the acetone com- 
pound of the acid the mass added to the molecular complex, HjO-f 1/2 (CH 3 )XO, 
occupies a volume proportional to the number of valency xuiits which it 
contributes to the structure. 

A very remarkable relation has been long recognised between the crystalline 
; forms of the three minerals chondrodito, Mg,(SiO^)g, 2Mg(F,OH), humitc, 
Mg 3 (Si 04 ) 3 , 2Mg(F,OH), and clinohumite, Mg^iSiO^)^, 2Mg(F,OH}; the crystal- 
; line forms are referable to three rectangular directions, n, b, and c, and the 
ratio a : 6 is practically the same for all three minerals. The relationship is at 
once elucidated by the law of valency volumes in a simple manner. In the 
V molecules of the three substances the sums of the valencies of the constituent 
i ; atoms are respectively 34, 48, and 62; it follows from the law that these numbers 
: are proportional to the relative volumes of the several molecules. The ratios, 
n : b I c, being known, the dimensions can be calculated of solid rectangular 
, blocks having these volumes and having edge lengths proportional to the axial . 
ratios, a:h ic. The equivalence parameters, x, y, and «, thus calculated are 
given in Tabic III. ; the first observation of im^rtance to be made is that the / 
equivalence parameters, x and y, remain practically constant throughout the 
• . series of three minerals. 

It will be Been that ohondrodite and humite, adff humlte'and .dinohtunito, 
differ in molecular composition by the quantity, Hg 3 (SiOJ; they form, a series 
I in which the increment of composition is Mg^iSiOJ. Subtracting iucrc- 
\ mciit from the composition of chondrodite^ 



ifi loft. ■ This is ‘thc'lbinpositibn of the mineral prolectite^ and the iiicremont. 

*® ^^*0 compositjoji of the mineral forsterite. ^ 

If the law of valency volumes be correct the equivalence parameters of 
forsterite should Be the x and y of the first three minerals, and a value z which 
is the difference between the z values of chondrodite and humite, or of humite 
and elinohumite; further, prolectite should have x and y values identical with 
those of the other four minerals and a z value which is the difference of the 
z values of chondrodite and forsterite. It is thus possible to calculate the 
equivalence parameters of forsterite and prolectite without using data deter- 
mined on these two minerals, and to compare the values so obtained with those 
' calculated from the obaerved axial ratios of forsterite and prolectite. All the 
values referred to are given in Table 111., and it will be obvious that the agree- 
ment between the calculated and the observed equivalence parameters is very 
close; as this agreement could not occur without the operation of the law of 
valency volumes, which was deduced from entirely different data, strong con- 
firmation of the acairacy of the Jaw is provided. 


Table III. 


Minerals 

W 

Axial Ratios 

Equivalent Parameters 

zjW 

Chondrodite 

34 

1 086.30 1 3 14472 

X 

2-3367 

y 

2-1510 

6-7644 

0-19895 

Humite 

48 

1 08021 : 1 : 440334j 2-3343 

2-1610 

9-5155 

0-19824 

OUnohiimite 

02 i 

1-08028 : 1 : 5-65883; 2-3381 

2-1646 12-2491 

0-19756 

Prolectite : observed 

20 

1-0803 : 1 :1-8802 

2-3130 

2-1414 

4-0385 

0-19977 

i’rolectito ; calculated 20 

1-0818 : 1 : 1-8018 

2-3305 

2-1589 

4-0211 

0-19968 

Forsterite : observed 

14 

0-9290 : 1 : 1*1714 

2-3420 

2-1778 

2-7442 

0-19601 

Forsterite : calculated 14 

0-9240 : 1:1-1741 

2-3365 

2-1589 

2-7433 

0-19585 


The several illustrations of the operation of the law of valency volumes have 
been quoted in detail for the purpose of showing how difficult it is to avoid the 
conclusion that this deduction represents some physical realitv. It may be 
traced in fonuection with quantiUitive data of other kinds ; during the last 
few years it has been very successfully applied by Lc Bas to the interpretation of 
the molecular volumes of liquid substances. 

From what has been already said it will be seen that the great problem as 
to the relation between crystal structure and chemical constitution, of which 
the solution seems imminent, is a stereochemical one ; assemblages must be built 
up in accordance with the j)rinciple of homogeneity and in some form of close- 
packing, in which each component atom of a chemical molecule is represented 
as the sole occupant of some specific solid area. The properties of these 
assemblages must also be in agreement with the crystallographic measurements 
and the X-ray photographs yielded by the substances represented. 

A brief indication may be given of what has been already effected in this 
connection. The normal paraffin hydrocarbons of the general composition 
CnHati+a consist of a chain of’ the composition (CH-aln, to each end of which 
one hydrogen atom is attached; in accordance with the principles already 
indicated, a close-packed assemblage of the empirical composition CH, can be 
constructed from carbon and hydrogen spheres of the respective volumes 4 and 
1 of such a nature that it can be divided by planes into blocks, each made 
iip of strings of the composition or .CH, .CH, .... CH, . OH,. At each 

plane of cleavage of the assemblage hydrogen spheres can be inserted in appro- 
priate numbers so that close-packing is restored when the cleavage faces are 
brought together again; the assemblage will then have the composition 
H . (GHjln i H, and may be geometrically partitioned into units each representing 
one molecular complex of a normal paraffin. It is noteworthy that these units 
, exhibit the confi^rations indicated by the van *t Hoff-Le Bel conception for 
the normal paramna. . Other assemblages can be constructed which .repr^ent 
in ft similar ' manner the secondary and tertiary paraffins, and all these 
assemblagesvare of one particular geometrical type, that which corresponds to 
the chemical behaviour charabteristic of the paraffins. In these assemblages 
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[tepUeeinents may l^^ffecied «o as io introduce, new geometrical features of 
arrangement correspoi^ing to the presence in the molecule of an ethylenic or 

acetylenic bond, and thus other classes of hydrocarbons can be represented 
. ' in accordance with the conception of close^packing ; the process can bo extendtid 
to the polymethylene and aromatic hydrocarbons and to their substitution 
derivatives, and throughout a close correspondence is observed between the 
numbers of isomerides possible, with their constitutions and configurations^ and 
the experimental facts^ 

Many considerations indicate the fruitfulness of the mode of regarding 
organic substances just briefly sketched ; one may be more particularly specified. 
An assemblage representative of benzene has been suggested which accords with 
the crystalline form and chemical properties of the hydrocarbon, and can bo 
geometrically partitioned into units, each representing \ single molecule. The 
equivalence parameters of the substance arc 

x:ij: s = 3-101: 3-480 : 2-780. 

The dimension y is twice the diameter of a carbon sphere, and that of z slightly 
less than the sum of th# diameters of a carbon and a hydrogen sphere. Now 
a dimension approximating closely to the z value for benzene can be found 
, amongst the equivalence parameters of large numbers of aromatic compounds, 
indicating that in these crystalline substances the benzene complexes are stacked 
ono upon the other so as to preserve the z dimension, but that the columns so 
formed are pushed apart in the derivatives to an extent sufficient to admit of 
the entrance, in close-packing, of the substituting radicles. A few casea of 
this kind were quoted by Barlow and myself, and many others were discovered 
by Jerusalem ; • quite recently the subject has been subjected to a very thorough 
quantitative examination by Armstrong, Colgate, and Rodd.' The exhaustive 
nature of the experimental work of the^e latter authors and the care with which 
their conclusions are drawn leave little room for doubt as to the accuracy 
of their main contention, namely, that the crystallographic method affords 
material from which the stereochemical configurations of aromatic substances 
can be deduced. 

If crystallography is to be used as a tool in the service of stereochemistry 
in anything like the way which has been briefly sketched in this address, a 
number of important results should accrue. We have se(*n that in the structure 
assigned to rock-salt, each sodium atom is identically related to six chlorine 
atoms; only when the crystal is disintegrated by solution in water does the 
necessity ari.se for a choice to be made, the sodium atom then selecting ono 
particular chlorine atom as a mate. Even then the sodium chloride molecule 
present in solution appears to spend the greater part of its time in dissociation, 
namely, in the act of changing its partner. There is thus in the theory of 
crystal structure something which bears a superficial relationship to electrolytic 
dis.sociation, and the further study of this aspe(;t of the subject may be fruitful. 

Again, the solid crystalline structures which we have attempted to build 
up present, as one c.ssential feature, the property that they ran be partitioned 
geometrically into unit cells, each composed of one molecule of tlio substance; 
thus, the rock-salt structure can be partitioned into cells each representing the 
molecule NaCl. In this instance, the partitioning can be performed in a variety 
of ways corresponding to the allocation of one particular sodium atom to 
either of six chlorine atoms; the alternative modes of partitioning lead to the 
‘k. production of molecular units of' identical configuration. In many cases, how- 
I ever, alternative methods of geometrically partitioning the assemblage represent- 
‘ ing the crystalline structure do not yield units of the same configuration; thus, 

^ the assemblage representing phloroglucinol can be geometrically partitioned in 
two distinct ways. Each of these gives a unit of the composition C^HjOa, but 
the configuration of the unit of the one partitioning corresponds to the chemical 
structure of the 1:3: S-trihydroxybenzene, 



,C(OH) . Off 

V(OH) 
.C(OH) : oh/ 
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whilst the other exhihite the structure of the symmetrical triketohexamethylene, 



is thus made to the effect that tautomerism consists in the 
possibUity of geometrically partitioning the close-packed assemblage in two or 
giving molecular units of the same composition but 
of different constitutions. The idea that in the occurrence of tautomerism 
some component atom wanders from one position to another in the molecule 
is thus rejected; the change in constitution arises from the transference of atoms 
as between two or more molecules. As the older conceptions of the mechanism 
of tautomerism do not provide a satisfactory explanation of the experimental 
facts, the suggestion now made is perhaps worthy of consideration. 

The new lino of work has many bearings upon tho subject of chemical change ; 
tJius, tho assemblage which is assigned to acetylene (or methylacetylene) is con- 
vertible, by synuiictrical distortion, into that representing benzene (or the 
1:3: D-trimethylbenzene, mesitylene). Further, the great aiange in chemical 
behaviour which accompanies many types of chemical substitution is possibly 
connected with the manner in which the actual atomic volumes are affected by 
tile replacement ; on converting benzene, in which the atomic volumes of carbon 
and hydrogen are as 4:1, into bromobenzene, a considerable increase in 
molecular volume occurs. The atomic volumes of carbon and hydrogen still, 
presumably, preserve tho 4 : 1 ratio, and the volume appropriated by the entering 
bromine atom is approximately the same as that occupied by each hydrogen 
atom already present; the actual atomic volumes of carbon and hydrogen must 
thus bo supposed to havo increased during the production of bromobenzene. It 
can hardly bu supposed that this fundamental volume change, even apart from 
a distortion of the aromatic ring arising from slight inequality of hydrogen and 
bromine atomic domains in tho molecule, could occur without the exhibition 
of considerable differences in chemical properties as between benzene and 
bromobeiizeiic. 

Whatever view may bo taken us to tho accuracy of the conclusions coiice{rning 
the relation between crystal structure and chemical constitution which are 
briefly discussed in the present Address, no critic will be disposed to doubt 
that wide devolopments in chemical science will result from tho cultivation of 
crystal study ; it seems clear tliat any satisfactory theory of the solid state 
must bo largely crystallographic in character. Tho chief hindrance to progress 
at present consists in tho lack of chemists trained in modern crystallographic 
methods; in my own country the only school in which chemical students were 
traijicd in Crystallography, dissociated from Mineralogy, was founded by 
Dr. Henry E. Armstrong and Sir Henry A. Miers in 1S86. After doing a vast 
amount of valuable educational work this school has recently been allowed 
to became extinct. » 

In a Presidential Address to tho Mineralogical Society in 1888, Mr. Lazarus 
Fletcher remarked that ‘ a knowledge of the elements of Crystallography, includ- 
ing the mechanics of crystal measurements, ought to be made a sine qua non for 
a degree in Chemistry at every University.* Twenty-five years later we find 
that no European University has applied this principle, and in consequence the 
chemical crystallographer has the greatest difficulty in making himself intelligible 
to his purely chemical colleagues. May I, in concluding, express the hope that 
the Colonial Universities, less fettered by tradition than their older sisters, may 
lead in the work of placing the subject of crystal structure in its legitimate 
position as one of the most important branches of modern Physical Chemistry ? 


The following Papers were then read : — 

1. Residual Affinity and Co-ordination, By Professor Gilbert T. 
; Morqai^ and Henry Webster Moss. 

iffie molecular structures now known as co-ordination compounds owe their 
stability not .merety to forces (principal valency and residual affinity) 
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emanating from the central atom, but also to the mutual attractions exerted on 
one another by the co-ordinating or associating radicals or groups* It is pre- 
J cisely Uiose radicals groups possessing considerable residual affinity whidi 
! function most frequently ili the formation of co-ordinated complexes. The 
^ general tendency to form hydrated and ammoniated metallio salts is to be 
.attributed in the main to the capacity for association exhibited by water and 
^ ammonia molecules respectively. 

The phenomenon of co-ordination ma^ be compared with the formation of fog 
in moist air containing minute dust-particles, and it is even more closely akin to 
the formation of the large ions of the atmosphere by the association of small 
ions with uncharged invisible water-drops. 

The size of the atomic volume of the central element has a threefold influ- 
. ence on the stability of co-ordination compounds. First, if the atomic volume 
^ is small, the residual affinity of the atom is exerted 'in a more concentrated 
^ form. Secondly, the co-ordinating molecules or radicals can approach nearer 
to the centre of the central atom when its volume is small and therefore nearer 
, to one another so that their mutual attractions become more effective. Thirdly, 
as the dimensions of the co-ordinating molecules or radicals are of molecular or 
atomic magnitude, these segregating units will fill more completely the available 
space round an atom of small volume than that round an atom occupying a 
■' larger sphere. Tim filling up of the available space also conduces to stability, 
as is maifiiested by many stereoisomcric compounds. 

' The number and aTrangement o! tbe associating units have also an iinpovlant 
' ; bcuriiig on the stability of the co-ordination complex. It is obvious that the 
i- most stable system will be that in which there is a symmetrical distribution of 
iho forces interacting between the associating units, a condition which is 
attained by taking such a iiumhcr of units that they can be arranged synunetri- 
X' cally over the surface of a sphere. This problem has but few solutions, inas- 
much as there are only five regular solids, the tetrahedron, octahedron, cube, 
icosahedron, and dodecahedron, with four, six, eight, twelve, and twenty vertices 
respectively. These integers will be the co ordination numbers corresponding 
with the theoretically possible most stable systems. Molecular aggregations exist 
! corresponding with four of these arrangements— that is, with all possible cases 
except that of tho dodecahedron. There are also examples of less symmetric 
, V arrangements which become stable in certain circnnisiances. 

In addition to the centric co-ordination comjdcxcs with associating nniis 
arranged round a central atom, it is highly probable that co ordination soine- 
times leads to cyclic arrangements, as, for example, in the following instances ;• - 
The basic glucinimi acetate, butyrate, &c., tlie dichloride and dibromidc of 
V' molybdenum, and the reduolion products of tho peiitahalides of columbium and 
V tantalum. 

■ As an example of the application of the co-ordination theory to compounds 
of technical importance may be cited the case of the lakes of acidic colouring- 
mai^s developed in mordant dyeing. The simplest of these are the iron, 
chromium, and cobalt lakes of the orMo-quinoncoxime dyes, which are 
undoubtedly internally co-ordinated compounds. 


2. A Device for the Represenlaiioti of the Natural Classification of the 
Elements, Bj/ Professor Obmb Masson, F.B.S. 


. . .. . , « TUESDAY, AUGUST 18 . . . 

f jo^f tHscuisioh with Section A on the Struoturf of Atoms and 
Molecules. — Seep. 293. X : 
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WEDNESDAY, AUGUST 19 . 

Tlio fullowijig Papers were read : — 

1. *1 New Method for Ihc Delcnninatioii of Vapour Pressures and aa 
Hxaininalion of a Source of Error in certain Vynamical Methods. 
By II. Campbell, M.Sc. 

Since none of the accepted methods is suitable for the detcnuiiiatiun of the 
va]ji)ur pressure of a binary mixture of a volatile with a non-volutile liquid a 
new method has been devised for the purpose. 

The principle used is that of allowing a liquid saturated w ith a .suitable gas, 
usually hydrogen, to evaporate into an enclosed space filled with the same gas at 
the same tcniporatiire and pressure, the latter being approximately atmospheric. 
The extra pressure e.\erted by the vapour is measured by means of an open 
mercury manometer after the volume has been restored to its original value by 
means (»f a levelling vessel. The method can be applied to volatile organic liquids 
of many kinds, since they come into contact with glass and mercury only. 'The 
licpiid is enclosed in a glass tube projecting through a rubber siojtper, which 
closes an opening at the bottom of the vessel, the stopper being protected from 
the action of the liquid by a layer of mercury. When the apparatus has reached 
the temperature of the constant temperature bath in which it is immersed, the 
tube, pVcviously deeply scratched, is broken by gentle sideways pressure on the 
projecting end. Saturation of the gas by the vapour is habtenod by gently 
shaking the apparatus. 

Experiments have been made with the following Ihiuids and gases : Methyl 
aUohol, ethyl alcohol, diethyl ether, carbon disiilpliide. chloroform and water, 
evaporating into carbon dioxide, air, hydrogen, and, in the case of chloroform, 
nitrogen in addition. In every case tljc values obtained, though very con- 
cordant, are lower than the most reliable results obtained by the ordinary static 
method. The magnitude of the error evidently depends on the solubility of the 
particular gas in the particular liquid as it diminishes in each case, c.\cept that 
of water, in the order carbon dioxide, ^ir, hydrogen. With water at (50® C. 
the results obtained with air and hydrogen are practically idcntit^al. The. 
error when hydrogen is used is generally less than 1 per cent., and it is con- 
sidered that the agreement is sufficient, as with mixtures the ratio between the 
observed pressure of the solution and that of the pure volatile solvent is to be 
considered. With air the errors arc from 2 to 6 per cent., and it is concluded 
that methods depending on the saturation of a current of a gas passing tlirough 
or over solution and pure solvent must therefore involve more or less error from 
this cause, a fact which does not seem to have been appreciated in the past. 
Permaii (‘ Proc. Roy. Soo.* 1903, 72, 72) and Krauskopf (* J. Phys. Chem.* 
1910, 14 , 489) obtained satisfactory results with water, although tJiose of 
Rcgiiault (* Ann. Chiin. Phys.* 1845 (3), IS, 129) and Tammatin (* Wied. Ann.* 
18^, 28, 322), which are lower than those obtained by the static method, are 
brought into satisfactory agreement with these upon the author’s assumption, 
which indicates that the errors introduced by the presence of a dissolved gas 
are negligible under certain conditions. 


2. A New Method for determining the Specific Heats of Liquids. 

‘ By Ernst Johannes IIartung, B.Sc 

The method described, which was suggested by Professor Orme Masson, is 
a modification of the mixture method for determining specific heats. The 
principle consists in measuring the lowering in temperature of a known amount 
of the particular liquid on the introduction of a definite weight of dry ice 
contained in a thin glass bulb. The calorimeter is a thin glass vessel of about 
one hundred cubic centimHres capacity, and is supported inside a silvered Dewar 
tube. A well-fitting rubber stopper closes the mouth of this tube, making the 
apparatus airtight. Through the stopper is fitted a Beckmann thermometer 
and also a thin glass stirring rod, the lower end of which is suitably shaped to 
receive the small ice-bulb. A third hole, lined with glass and closed with a 

1914.-' -.v. . - z 
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well*fitting glass stopper, passes through the rubber stopper and serves for the 
introduction of the i<^<bulb. This last consists of a small sealed thin glass* 
cylindrical bulb^ containing a definite weight of distilled water and also as much 
silver gauze as possible. The last ensures rapid heat conduction, and makes 
the bulb heavy enough to sink in dense liquids. The bulb is suspended by a 
^^fine platinum wire. 

The liquid to be experimented with is introduced into the calorimeter by 
means of a standardisation pipette, and the apparatus is closed until constant 
temperature is attained. The ice- bulb has meanwhile been frozen in a mercury 
bath supported in an ordinary freezing-point apparatus. When the tempera- 
ture of the mercury is constant at from —3° to —4°, the bulb is removed by 
its suspension and rapidly introduced into the lower part of the stirring rod in 
the calorimeter. The liquid is then stirred by hand until constant temperature 
is again attained, which usually requires about three minutes. Radiation cor- 
rections are tlien applied and tiic specific heat of the liquid calculated, the heat 
capacity of the ice-bulb being accurately known. Tho experiments should be 
performed iu a room regulated to constant tcrnporuturc. 

The advantages claimed for the method are its simplicity, its rapidity, and 
its accuracy. Experiments with water at 25'^ C. gave consistent results agreeing 
to within 0*4 per cent. When ether was used, it was found necessary to coat the 
rubber stopper with tinfoil in order to protect it. The results witli ether at 
25*^ C. agreed to within 14 per cent, (the vapour })ressure of ether at this tern 
perature is 545 mm.). The specific heats of several sulphuric-acid- sv .iter mixtures 
were also measured and compared with the classical results of J. TlK»mson. Tlie 
average divergence was less than one per cent. Further measurements with 
different liquids are now in progress. 

The apparatus described is not .suitable fur a viscous liquid (.such as 
glycerine) owing to inetHcicnt stirring, lly iiaving another liquid tlian water 
in the carrier-bulb, tlie scope of the method* can probably be extended. 


8. The Influence of Weather Conditions upon the Amounts of *V/7nc Acid 
and of Citrous Acid in the Rainfall near MelhournCt Australia. Uy 
V. G. Anderson. 

Daily determinatious of the amounts u£ nitric acid and of iiitious acid in 
the rainfall at Canterbury, near Melbourne, ha\c been made since No> ember 1, 
1912. The results to February 2d, 1914, when correlated with meteorological 
data for Melbourne and daily isobaric charts of Australia, reveal the existence 
of a relation between weather conditions and the amounts of nitrogen acida in 
rain-water. 

The concentration of nitric acid reached a maximum in summer, a minimum 
Tn winter, and an intermediate position during autumn and spring. The 
concentration of nitrous acid reached a maximum in winter, and a minimum 
in summer. Tho ratio of nitric nitrogen to nitrous nitrogen was highest in 
summer and low'cst in winter. On many occasions during winter the ratio was 
approximately as 1 : 1. A relation between atmospheric temperature and this 
ratio was noted. Its nature was shown by plotting tho mean minimum tern- 
perature of each month with the mean monthly ratios, the curve being of the 
>' same type as those which express changes of chemical velocity with temperature. 
The ratio is doubled for equal increments of temperature. From the results it 
would appear that in rain-water nitric and nitrous acids are formed in equal 
molecular proportions, and that, if the ratio could be determined instantly, or 
before any change .could ensue, it would invariably be as 1 : 1. In cold weather 
the velocity is retarded to such an extent that little change occurs even after 
comparatively long periods; hence the increased amounts of nitrous acid found 
in winter. In hot weather, the velocity being greatly increased, the residual 
amounts of nitrous acid are very small, nearly all having been converted into 
nitric The facts point to atmospheric nitrogen peroxide as the source of 
nitric anil nitrous acids in rain- water., as., this |as r8acUi<^>v|th water, forming 
these acids in .hiolecwlay 



339 


TRANSACTIONS OP SECTION B. 

Tn a graph plottad with daily concentrations of total (nitric plus nitrous) 
nitrogen as abscisssB, and with rainfall as ordinates, the points are found to 
arrange themselves into a series of rectangular hyperbolae. Further, each group 
of points lying along a particular curve is found to correspond with falls of rain 
occurring during one particular type of weather. From this it follows that for 
a particular type of weather (1) the concentration of oxidised nitrogen varies 
inversely as the rainfall; (2) the product of the concentration and the rainfall is 
constant; (3) the total weight per unit area of oxidised nitrogen precipitated 
with rain falling during twenty-four hours is constant. In brief, the amount 
of oxidised nitrogen per acre carried down by rain falling on any day is a 
function of the type of weather, and, within certain limits, i.s independent of 
the amount of lainfall. These facts may be explained by assuming that for 
each type of weather there exists in the air a definite concentration of nitrogen 
peroxide, and that this soluble gas is completely washed out of the air by the 
first portions of a shower : any further rain falling through tJie now purified 
air not increasing the amount of oxidised nitrogen in the rain-water, hut, bv 
dilution, decreasing the concentration. • * 

Nine well-defined recurring types of weather have been investigated. These 
may he classified into three groups, as follows : (1) Antarctic types; (2) Tropical 
types ; (3) Divided control (Antarctic and Tropical) types, the accompanying 
table 8how.s the number of examples of each type investigated, together -with 
tlio oxidised nitrogen constant in pounds [»er thousand acres, for each type. 


1 


Antarctiq Types — 

A-shaped Antarctic 
depressions 


( {(t) rear 
(h) crest 
[ {c) front 


'IVopical Types — 

Tropical (or j ig) spring and autumn tyiio . 
monsoonal) (h) summer tyi>o . 
depressions I {i) * heat-wave ’ typo . 
Divided Control Types — 

(d) Antarctic depressions with slight I’ropical 

infiuonce 

(c) Antarctic depressions with row</ 'rropical 

influence 

(/) Tropical depressions with slight Antarctic . 
influence 


Nunihf r 
I’A.'iim’jj* il 

()xi4liseil Nitrogen 
, (instant. PouikIn 
per l.tXV) iu res 

35 

1*5 

28 

2-5 

10 

41 

(> 

100 

3 

240 

2 

350 

(*) 

OT 


8-5 

5 

12*0 j 


4. A Comparison of the Phenomcua of the Occhision of Hydrogen by 
Palladium and by Charcoal, By Dr. A. Holt. 

When all the known facts concerning the occlusion of hydrogen by palladium 
and by charcoal are examined and compared, it appears that, in the case of 
charcoal, absorption and surface condensation, witliout chemical action, occurs, 
but with palladium the evidence is in favour of the formation of a compound 
in addition to surface condensation. In both cases there is evidence that alio- 
tropes of the occluding solids exist, one allotrope occluding gas with far greater 
avidity than the other. 
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pm DAY, AVOVST 21. 

The following Papers were read 

1. Non-Aromatic DiazoniuM SalU. By Professor GiIiBErt T. Moroam 

and Joseph REiUiY. 

The diazotisability of an organic primary amine is in all probability con> 
nected with the presence in the basic molecule of an unsaturated group, for it 
has not yet been found possible to diazotise the salt of any primary base having 
its amino-groiip attached directly either to a fully saturated rjiSirnl or to a com* 
pletely hydrogenised ring. 

It is, however, not essential that the unsaturatc'd radical should bo aromatic 
or homocyolic in charai'ter, and certain non-aromatic amines are known to 
possess in varying degrees the property of diazotisability. This property has 
been demonstrated in the case of the following lieterocyclic bases not merely by 
detecting the presence of diazo compounds in solution, but also by the isolation of 
the diuzonium salts. 

4 Amino-1 |)henyl-2 : Ibdimethylpyrazolone (4-amino-antipyvine) when diazo- 
tised with ethyl nitrite in hydrtxhloric acid furnishes a well-uefined «rystallis- 
abJe cliazonium hydro<‘hloride (C,, If,, () t'l).H('l from which the <Typtiil~ 

line didiromate iC^^ H,, O N aurichloride O NJAuCM^ and 

platinichloride H,, O of normal composition have been |)ropared. 

4-Amiiio-3 : 5-<limethylpyrazole. a base containing no aromatic substituent 
^whatever, gave rise to a remarkably stable colonrle.ss diazoniiim chloride, crysbal- 
lising with great facility, and permanent under ordinary atmospheric conditions. 
Although the parent ha.se forms a dihydrochloride, (I N,. 2Fr(Il, one of the 
salt-forming centres disappears in diazoti.sation, the diazoninrn chloride 
L\ Hy Cl corresp»)nding in composition with the salt of a monucidie base. 

The replacement of the diazoniiim group by a triazo radical restores this 
suppressed salt-forming centre, tlie pr4)di](*t, 4*triazO':l : 5-dimetbyl-pyraznle being 
a basic compound which has the remarkable pro}»crty of de\ eloping cliaracter- 
istic colorations with jilienols in alkaline solutions. 

Aroinomethyltriazole can be diazotised in nitric a< id solution witlioiit loss of 
diazo-iiitrogen, allhongh in hvdrochloric acid effervescence is copioii.s oven at 
0° C. 

The diazotisability of wool is n.sually attributed to the pre.sence in this 
material of aromatic amino- groups; hut in view of the foregoing results it 
appears possible that the interaction of wool and nitroii.s acid may he due in 
part to the presence of heterocyclic rings comparable with those of the pyrazole, 
triazole, or thiazole serie.s. 


2. The Synthesis of IsoquinoUnr Alkaloids. By Professor R. Ronixso.v. 

Many pseudo- bases of isoquinoline type — for example, cotarnine, hydra- 
sbinine, berborine, isoquinoline methyl hydroxide- readily undergo condensa- 
tions with the most varied classes of organic substances, and the greater 
number of these reactions can be generalised in the scheme ; — 

B 

I 

^CHOH-^NMe - + HR -> -CII—NMe- + 11,0 

The interest of these c-ondensations is verv much enhanced by the fact that 
they yield substances closely allied in constitution to the naturally occurring 
isoquinoline alkaloids, and for instance cotarnine (I) with moconino (II) gave a 
small yield of a-gnoscopine (III) resolvable by means of d-bromocamphor- 
sulphonic acid into d-narcoiine and /-narcoiino, the latter proving identical witli 
the natural base occurring in opium. Cotarnine and nitromeconine react 
great facility and give rise to a nitro* base from which by elimination of the 
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nitro- group a stereoisomeric ^-^noscopine is obtained, and tbi« ie convertible to' 
a-gnoscopine^ by prolonged heating with aqueous alcohol. By similar m^hods a 
stereoisomeride of hydrastine has been synthesised. These condensations alsp> 
open up a method of synthesis of phenanthrene alkaloids (morphine group), and 


OMc 




OMe 
OMe 


0 


\co 
I / 

CH-O 



iti is along theso lines that further work is being prosecuted. Up to th® present 
an isorneride of apoinorphine dimethyl ether is the only example of the applicii- 
tiuii of the process. Jt is probable that the incehanisni of the pseudo- ba.se 
condensation involves the .stages 


XHOH 
^ Me 


OH H K 

! 

-CH - X - I nil ^ - CH = X > -_cH~-XMc 

Me Me 


a view wliirli receives support from the remarkable rapidity of the reactions and 
from the observation that they occur with greatest readiness in ioni.sing .solvents. 
It i.s also considered extremely ])robahle that such condensations have an 
inifiortarit ni/r in the .synthe.si.s of alkaloids in plants. 


li. The CondenHiUion of Coluniine and Hydraaiinino with Aromatic 
Aldehydes. By^lis. (1. M. Honixsox, M.Sc. 

I’he conden.sation of hydrastinine with o-nitvobeiizaldehyde.s takes place in 
accordance with the following scheme, which represents the conden.sation of 
iiydrastiuino with nitro veratraldchyde : — 

OMe 



CO 


/ V CHO. 




It is hoped that this substance will form a suitable starting-point for a 
synthesis of dicentrine. On reduction by stannous chloride these bases yield 
amino ketones, which can then he further reduced to fully saturated bases by 
means of amalgamated zinc and hydrochloric acid. Several ba.ses similar to the 
above have been prepared. ^ 
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4. The iinfluence of Substituents on the Velocity of Saponification of 

Phenyl Benzoate. By Dr. H. McCombib. 



^^“6. The Colouring Muttm of certain Marine Organisms. By Dr, A. Holt. 

The colouring matters of Diazona viridis and Spitethi/s Hthridicus have 
been shown to due to a green body very similar to chlorophyl, and a purple 
aubstance which appears to he a dibromindigo. , This purple compound is only 
found on the surface of the Ascidian Colony, and it is concluded that it acts as 
an oxygen carrier, since when the organism is alive and healthy it is not pro< 
duced. Under these conditions it would be maintained as the colourless leuco 
body, but wdth the death of the colony changes in metabolism take place and 
oxidation produces the colour. The green pigment is very possibly due to a 
Bjpibiotic alga. These pigments have been compared with those obtained from 
different species of Murex and from Bondtla, 

6. The Corrosion of Iron and Steel by Artesian Waters in New South 

Wales. K?/ Professor Fawsitt. { ^ ^ 

7. The Lise of Waste (lascH of Combustion for Fire Fftiuctive and 

Fumiijatiiirf Purposes. Ihj Dr. G. Harkeu. 

The experiiiieuts of Clowes and Feilmaii on the extinctive properties of 
Hhiiics have shown that the dames of ordinary substances are extinguished 
'Wlicn the oxygen in the atmosphere is reduced to about 15 per cent. The 
c.\tinctiou of solid material, as tor example ignited coal, requires a lower per- 
centage of oxygen,, and takes time owing to the need for a cooling effect. Fine 
gas from ordinary boilers burning coal or coke dues not generally contain more 
than 9 or 10 per cent, of oxygen, and if pumped into a space so as to displace 
the air will render the atriiusphere fire extinctive and will also bo dofetructivo to 
♦^lats and other vermin. For practical purposes the flue gas must be cleaned and 
.cooled before use, and fornialdeliydc vapours are suinctimes added to it. 
Several installations making use of this process uro now in operation. 


8. The Kjciruetion of JUtditim from Ausiralian Ores, 

By S, Kadcliff. 

(1) A short account was given of all known occurrences of radioactive iiiinornls 
in Australia. 

(2) /rhe methods now in use at the Sydney works of the Kadium Hill Co. for 
. the extraction of radium from the complex ore found at Olary, near Broken Hill, 

were described. 

(3) The results of an examination of the various radioactive precipitates 
separated in the course of the works operations were given, together with the 
methods employed in working up preparations of ionium and actinium. 

9. The Inversion of Cane-sugar by Acids in Water-alcohol Solutions. 

. By George J. Burrows, B.Sc. 

3'^! The rates of inversion of cane-sugar by hydrochloric acid and sulphuric acid 
. ;!have been determined in water-alcohol solutions up to 75 per cent, alcohol. 
In both cases a minimum velocity has been found for a solution containing 
about 50 per cent, alcohol bjr volume. From the results obtained it is evident 
^ that the velocity of inversion is not proportional to the concentration of hydrogen 
. ions in such a series of solvents. The similarity between the curve representing 
, .the variation of the inversion velocity with the composition of the solvent and 
' , the viscosity curve for these mixtures led the author to conclude that the rate 
, , of catalysis by acids is a function of the fluidity of the medium, 

' The results for the ^version yelooity .^ow^l^t .^he. k is . not directly 

* . sr ' ■ ' ■ ■ 
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proportional to the fluidity of the nolvent* It wae assumed that the effect of 
fluidity on catalysis is similar to its effect on ionic mobility as determined by 
electrical conductivity. Hence by dividing the inversion velocity by the con- 
ductivity of the acid in the particular solve]||kthe result obtained expresses the 
activity ofirthe catalytic ion in this medium. In this way^it was found that the 
activity was far sreater in 70 per cent, alcohol than in water. 

« It was therefore concluded that catalytic hydrolysis is retarded by the 
addition of water in the same way as esterification and other similar catalytic 
reactions. 


MONDAY, ATI OUST 24. 

The following Papers were read : — 

1. On Explosions in Gases (ivilh Demonslraiion). 
By Profes5?or II. B. Dixon, F.R.S. 

2. Chemical Crystallography {u:ilh Demon sirniion). 
By Professor W. .1. Topic, FJLS. 


TFF'^DAy, 2 r,. 

Jnint with Section M (Arfrirnlfurc) on Mrtnholisni . — 

Sop p. nd:]. 


The following Paper, opening a Discussion on (’yanogenosis in Plants, was 
(licii road • 

The Cyanoyanetic Plants of Kcir South Wales, 

By James ^1. Petrie, D.Sc. 

Of the plants growing in New South Wales, over a thmisand species have 
boon examined for hydrocyanic acid and cyanogonetic glucosides. Sixty of those 
gave positive results with sodium picrate paper. These iiKlude forty-four species 
native to New South Wales in seventeen Natural Orders. 

Some plants, well known to be cyanophoric in Europe, when grown in this 
State have never given any reaction, although tested in all seasons. 

Only a few wore found to evolve free hydrocyanic acid, naturally, but all 
sliowed the presence of a glucoside and enzyme. 

When the natural enzymes in these plants wore killed by boiling water, the 
reaction to sodium picrate paper ceased; if then a few drops of cm iilsin, pre- 
pared from sweet almonds, W’ore added, positive reactions were again obtained, 
.showing that in all cases the ghicoside.s present in the plants were capable of 
being hydrolysed by emulsin. 

Of the sixty species stated, twenty are grasses, and these include eleven 
species indigenous to this State. The Sorghitm vulgar e examined by Dunstan 
and Henry was found to lose its glucoside when fourteen inches high, while the 
Australian-grown plant retains it when four feet high, and mature. Both 
glucoside and enzyme slowly disappear with air-drying. 

One hundred and fifty species of grasses were tested systematic.ally for 
seasonal variations, and some were found to givo negative results at particular 
seasons. Two species of grasses alone evolved free hydrocyanic acid, and only 
one of these is available for grazing. This is the only one, except the sorghums, 
which has been associated with fatalities among stock. - 

Among the non-cyanogenetic grasses, thirty-three species contained emulsin- 
liko enzymes. ' 
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Section- C.— GKOfiOGy. 

Pbesidgn’t of the Section : Professor Sir T. It. TTou,ANn, 
K.C.I.E., P.P.S. 


TH6 President delivered the fallowing Address nt Sydney, nn Friday, 
August 21 : — 

Exactly eighty-throe years from the day of our arrival at Sydney, Edward 
Suess was bom in liOndon. Thus the day, as much as the circunislancos of oui 
meeting so far from home, serves to remind us of one who \yas great enough 
to recognise the fact that geological evidence from any part of the world has 
the same value as that obtained in the little continent which has been the most 
prolific in the products of nomenclature and the most productive in text-hooks. 

Since the days of fJharle.s Lyell no geologist has been so conspicuously suc- 
cessful in analy.sing the accumufated ma.ss of evidence, in bringing together the 
essential facts from all lands, and in compensating for the local excesses of 
literature. Only those of us who, by long absence from Europe, have felt the 
full disadvantage.^ of liaving to express our thoughts in alien terminology can 
appreciate the real value of Sue.s.s\s great work. His death since our last meeting 
makes a conspicuous mark in the history of geological science. 

A meeting of the Jiriti.sh Association in Australia bring.s home forcibly to the 
members of Section C the fact that British Imperial geology is really ‘ the 
science of the fJarth * ; partly for this reason one feels inclined to get outside 
the science and take a survey of some of its suburbs. Not many of them have 
been left untraversed by my distinguished predecessors in this chair; but there 
has been of recent years a tendency to avoid the inner Earth, which has rightly 
^been described as ‘ the inalienable playground of the imagination,* and conse- 
quently, therefore, common land to the geologist as well as the geode.sisl, 
physicist, and mathematician. 

The geologist who looks below the purely superficial phenomena of the crust 
is generally regarded as straying beyond his province; but the desire to sec the 
birth-certificate of some of the strange and often unacceptable * cau.scs * which 
tho mathematical physicist offers us is a pardonable form of curiosity. Our 
ideas regarding intra-telluric conditions are even proving to be of ccoiioniic 
value, one of tlie most recent and unexpected results of the kird being that just 
established by Baron von Eotvos in Hungary,* who.se prediction.s now bid fair 
to outstrip those of the ‘diviner* ! Having noticed the low gravity values over 
„ the great cores of rock-salt in the Transylvanian * Schlier,* he finds similar 
defects of gravity in the same region over certain of the Snrmatian and Pontian 
domes, which probably owe their shape to subterranean salt-plugs and are now 
found to be great storehouses of natural gas, which, with or without liquid 
petroleum, is commonly found with the saline * Mediterranean ’ facies of the 
Upper Tertiary in Eastern Europe. Baron von Eotvos also finds that on the 
eastern margin of the Great Hungarian Plain, where tho younger Tertiary beds 
are completely concealed by a mantle of alluvium, mud-volcanoes and gas-springs 
are sometimes found in areas of marked gravity defect, and some of these are 
now also being drilled for natural gas. 

I KVUknif Conf, fh OAofUs, In/nrnnf,, TTambiirg, 

3012, pp. 427, 437. . ^ , . ^ r < - , 
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When our ideas of the state of affairs below the surface thus begin to yield 
economic results, there is hope that they arc at last steadying down, becoming 
more settled, and indeed more ‘ scientific.’ It may not be unprofitable, therefore, 
to review some of the advances recently mad#^in developing theoretical concep- 
tif)ns regarding the interior of the Earth that are of direct importance to 
geologists. In undertaking this review I am conscious of the fact that I shall 
bo traversing ground that is generally familiar to all, and much of it the special 
property of specialists whoso views I hesitate to summarise and should not dare 
to criticise. As tlie author of the * Ingoldsby Legends ’ said of the only story 
that Mrs. Peters would allow her husband to finish, * The subject, I fear me, 
is not over now, but will remind my friends — 

** Of something better they have seen before.” * 

Tlic intensity and (piantity of polemical literature on scientific problems 
frequently varies inversely as the number of direct observations on which the 
discussions are based : the number and variety of theories concerning a subject 
thus often form a coefficient of our ignorance. Beyond the superficial observa- 
tions, direct and indirect, made by geologists, not extending below about one 
two-hundredth of the Earth’s radius^ we have to trust to the doductiftis of 
mathematicians for our ideas regarding the interior of the Earth; and they 
liave provided us successively with every permutation and combination possible 
of the three physical states of matter — solid, liquid, and gaseous. 

Starting, say, two centuries liack with the astronomer Halley, geologists were 
jueseiited with a globe wliose .shell rotated at a rate different from that of its 
core. In more recent tiino.s this idea has been revived by Sir F. J. Evans (187^) 
to account for the secular variations in the declination of the magnetic needle. 

CM.iiranlt’s celebrated theorem (1743), on which Laj)ia(‘e based the most 
hmg- lived among many cosmogonies, gave us a globe of nndten matter .sur- 
jounded by a solid crust. Hopkin.s demanded a globe solid to the core, and, 
tlioutgh his arguments were considered to he unsound, his conclusions have been 
ivNived on other grounds; while the high rigidity of the Earth as a body ha.s 
been maintained by Lord Kelvin, Sir George Darwin, Professor Ncwcombe, 
J)r. Riulski, and e.s-jxjcifilly by the recent obst*rvatirns of Dr. 0. Hecker, supple- 
mented by the niathematicarreasoning of Profe.ssor A. K. H. Love. Hennessy 
(18S6), however, concluded that the astronomical demands could be satisfied by 
the old-fashioned molten Earth in which the heavier substance.s conformed to 
the equatorial belt. 

A.s long ago as 1858 Herbert Spencer .suggested that, on account of its tem- 
]»evature lieing piobably above the critical tern])eraturc of known element.^, tlie 
eentro of the Earth i.s possibly gaseous. Late in the 'seventies Dr. Ritter revived 
the i<lea of a ga.scou.s core surrounded by a solid crust, and this was modified in 
DKK) by the Swedi.sh philosopher, Svante Arrhenius, whose globe with a .solid 
crust, liquid .substratum, and gaseous core is now a favourite among some 
genlogi.sts. 

Wicchert (1807) supposed that the core of the Earth, some 5,000 kilometres 
in radius, is composed mostly of iron with a density of 7*8, while this is sur- 
rounded by a shell of lithoidal material having a density of about 3'0 to 3*4; 
and this great C()ntra.st in density is about that which distinguishes the iron 
meteorites generally from those of the stony class. Arrhenius also assumes that 
iron forms the main part^of the central three-quarters, and he shows that this 
distribution of substance may still be consistent with his theory of a gaseous 
coix' ; indeed, he not only imagines that the whole of the iron nucleus is gaseous, 
but also most of the siliceous shell, for he leaves only 5 per cent, of the 
radius as the depth of the solid and liquid shells combined. 

But the variety of ideas does not end with theories on the present constitution 
of the globe. Poisson required the process of solidification to begin from the 
centre and to progress outwards, while other mathematicians had been happy 
with the Lcibnitzian conshtenthr sfnfit,^ as the first external slaggy cru.st. 
Since the days (if Laplace all naturalists have been forced to accept the idea of 
a solar system formed by the cooling and condensation of a spheroidal gaseous 
nohula; and all except those geologists who have vainly searched for traces 
of the primeval crust have been happy in this belief. " . 

Recently, however, Dr. F. R. McAilton and Professor T. 0. Chamberlin 
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in Americti liuve brought together arguments from different points of view In 
construct the solar system by the aggregation of innumerable small bodies, 
‘planctesimals,* which have gathered into knots to form the planets. Thus, 
;,;:the Earth is supposed to have grown gradually by the accretion of mcteoritic 
matter, and oven now, although the process lias nearly ceased, it receives much 
; meteoriiic material from outside. 

With the Ghambcrlin-Moulton theory there must have been a time when the 
gravity of the Earth was insufficient *to hold an atmosphere of any but tho 
heavier gases, such as carbon dioxide; later, the Earth became heavy enough 
' to retain oxygen, then nitrogen, water>vapour, and helium ; while even now it 
may not be sufficiently attractive to prevent the light and agile molecule of 
hydrogen from flying off into space. With the growth of the young globe, the 
compression towards the centre produced heat enough to melt the accumulated, 
fragments of mcteoritic matter, .and the molten material thus formed welled 
out at the surface. Such volcanic action is supposed to have predominated 
at the surface until an appreciable atmosphere was formed, and became charged 
with water, when the now familiar processes of weathering, erosion, and deposi- 
tioiMOroduced the him of * rust * which geologists know as sedimentary rocks. 

With this la.st addition to the variegated array of theories about the physical 
condition of the Earth and about its genealogy, the .scientific world began again 
to settle down into serenity, comforted by the happy feeling that all at any rate 
agree in regarding the Earth as a gradually cooling body, ixith many millionp 
of years still before it. Then came the discovery of radium, and. with it at 
iivst. an assurance that geologists were justified in claiming a long past, to he 
followed by a longer future than the most optimi.stic philosopher had darec 
before to assume with our apparently limited store of Earth-heat. Now, however. 
Professor July warns us that if the deeper part.s of the globe contain anything 
near the proportion of radioactive bodies fouml by him in the superficial rock.s. 
wc may even be tending in the otfier direction that, instead of a peaceful 
cooling, our descendant.^ may have to face a catastrophic heating; the now in- 
conspicuous little body known as the Earth may indeed yet become famon.q 
through the Universe as a new .star.* 

To add to the variety of ideas reg.irdmg the present state of the Earth’s 
interior, Professor Schwarz, of Orahamstown,* conelndes that our volcanic 
piienomena can be accounted for on tho nssnmption that the main ma.s.s of the 
Earth below a .superficial layer is cold and .solid throughout, being compo.sed. 
like the meteorites, largely of unaltered ferromagnesian .silicates and iron. 

lluis, we see, whole fleets of hypothe.se.s have been lonnched on tln.s sea of 
controversy : some of the craft have been decoyed by the cipher signa].s of tlio 
mathematician; .some have foundered after bombardment by the heavy missile.s 
classically reserved for use by militant geologists; others, though built in the 
dockyard of ])hy.sicists, have suffered from the .spontaneous combustion .set up 
"ft' by an inadvertent shipment of radium. Still, some of these hypotheses are yet 
apparently seaworthy, and it may not he unprofitable to compare them with 
recently acquired data. 

The nearest approach to actual observation with regard to the .state of the 
Earth’s interior has been obtained by the seismograph, designed to record the 
” movements of seismic waves at great distances from the disturbing earthnuake. 
Some of the waves sent forth from an earthquake-centre travel througn tho 
Earth, and some travel around by tbe superficial ^st, tho former reaching^ 
. the distant seismograph before tho latter. The seismograph, by its record of the 
V' waves that travel through tho Earth, has ihus given a certain amount of inf or- 
mation regarding the ‘state of the Earth’s interior which R. D. Oldham aptly 
4', regards as ^alogous to that given by the spectroscope * with regard to the 
' inaccessible ftmosphcrc of tho Sun. 

• J. Joly, Radioactivity and Geology, 1909, pp. 168-172. 

^ • E. H. L. Schwarz, Cnuml Oedogy, 1910. 

* In hisT^residential Address to the Geological Society of London in 1909, 
Professor W. J. Sollas {Proc, Ged. Sac,, 1909, p. Ixxxvii) credits H. Benndorf 
(Mitth, Ged, Gesellsch, Wien, I., 1908, 336) with this pretty analogy, hut 

' Oldham has th® precedence by just two years (r/‘. Quart, Journ, Ged, floe., 
,vol. 62, 1906, p. 4W). ... . ‘ 
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Tlie existence of two groups of earthquake-waves— those passing through, 
and those passing near the surface around the Earth — ^has long been recognised ; 
but R. D. Oldham* has shown that the waves passing through the Earth are 
of two kinds, travelling at two different speeds. 

The record on the distant seismograph thus shows three well-marked phases : 
the first phase, due to waves of compression passing through the Earth’s interior ; 
the second phase, due to waves of distortion,* also passing through the Earth’s 
iiiterior; and the third phase, recorded by the waves i^ich pass around the 
arc along the superficial crust. 

The third phase is always recorded at a time after the occurrence of the 
shock proportional to the arcual distance of the recording seismograph from the 
earthquake centre, the records of several large earthquakes showing an average 
speed for the waves of about three kilometres per second. The rates of propa- 
gation of the waves giving the first and second phases are both much greater 
tliaii of those forming the third phase; and up to an arcual distance of about 
120^ from the earthquake’s centre the rate of their propagation increases with 
the distance. It is thus assumed that the waves giving rise to the first and 
siH'ond phases in each distant seismographic record, by foUoAving approximately 
along tile chord of the arc between the place of origin and the instrument, 
pass through deeper layers of the Earth 'when the seismograph is farther away, 
the material at greater depths being presumably more elastic as well as denser. 

liut Oldham ’ has shown that when the seismograph is as much as 150® from 
the earthquake centre there is a remarkable decrease in the mean apparent 
rate of propagation of the waves giving the second phase in the record, from 
over six to about four and a half kilometres per second. There is also a drop, 
aKhough not nearly so marked, in the apparent speed of the waves of the fir.<t 
phase when tninsinittcd to a seismograph 150® or more distant from the earth- 
([nako origin. Oldham concludes that this decrease of apparent rate for waves 
travelling through the Earth to places much more than 120® distant is due to 
their passing into a central core, four-tenths of tho radius in thickness, com- 
p«.»scd of matter which transmits the waves at a markedly slow speed. Thus 
the earthquake waves which emerge at a distance not greater than 120® from 
their origin do not enter this central core, while those which puss into the Earth 
to a greater depth than .six-tenths of tho radius arc supposed to be refracted on 
entering, and again on leaving the postulated core, in which the rate of trails- 
mission of an elastic wave of distortion is very much slower than in the main 
mass of the Earth around. In consequence of the refraction of these waves on 
passing through the central core, places situated at about 14f)® from an earthquake 
origin should bo in partial shadow, due to the great dispersion of the disturtional 
waves, and the few records made so far by seismographs thus situated with 
regard to great earthquakes show that tliere is either no, or at most a doubtful, 
record for the second phase, which is known to be due to the so-called dis- 
tortional waves. 

Oldham’s deductions are based confcssedlv on a small number of earthquake 
records — he considered fourteen examples dn)y — but the conclusions based on a 
small number of trustworthy records, from which variations due to the different 
methods of marking the phases, are eliminated, are more reliable than those for 
which there are imperfect distant records as well as doubts regarding the exact 
times of the disturbances. If these observations, however, be confirmed by 
hirtlier records, we are justified in assuming that below the heterogeneous 
crust there is a thick shell of elastic material, fairly homogeneous to about six- 
tenths of the radius, surrounding a central core, four-tenths in thickness, Avhich 
possesses physical properties utterly unlike those of the outer layers; for in 
this core the * distortional * waves are either damped completely or are trans- 
mitted at very much lower speeds than in the shell. 

* VhiL Trann,^ Ser. A., vol. cxciv. (IIKX)}', pi». 135-74. 

® There is more complete agreement regarding the fact that two distinct 
sets of waves give rise to tho so-called preliminary tremors indicated by a 
seismographic record than about the nature of the waves. Confer, R. D. Oldham, 
PhU, Tram., foe. and O. Fisher, Proc. Canibr, Phil, fiioc., vol. xii, pp. 364-361. 

^ Quart Jqurn,’ Otols vol. 62, pp. 456-476 (1906). 
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On© i&nuot cottsidfp this interesting inference from tlio seisinographir data 
without being reminded of tJio contention of Ritter. Arrhenius, and Wilde 
*1 a persistent gaseous core still above the critical tem^ 

substances of which it U composed. Affording to Ritter/ the 
^18 core la surrounded by a solid shell. Dr. Wilde • postulates tlie existence 
\ u substratum and a gaseous core witjjin a soliil crust, tiu? two oiitcr 
»\\c\\a \vA\vug a tUickucsa l\\iit is * iu»t \ery consider a\>Vc.* Avvheuius assumes 
from pure W physical considcratiuns that the solid cru^st is oiilv about twenty ii\c 
iiiilw thK’k. that below this it i.s possibly in a molten condition for about a 
lUindied and fifty miles, and that the res£ is a ga.H largely composed of iron 
under a presMirc so great that it.s ioiiipressilulil> i.s not much less than that of 
Steel. 


1 ho whole of these conclusions, being based on assumptions regarding the 
ph\.siCi4l ju’operties of matter under conditions of temperature and jiressure tliat 
are well beyond those of actual experience, must be put on a plane of science 
well below that occupied by the investigations initiated by Oldham, who opens 
up a line of research in which, us said before, the seismograph may justifiably 
be compared with the spectroscope as an instrument for observing some inacces* 
sible regions of Nature. 

The inathomaiician aiiparciitly finds it just as ca.sy to prove that the Earth 
is solid throughout as to show by extrapolation from known pi \bical values that 
it must be largely gaseous. As Huxley said in his Presidential Addres.s to the 
Cieological Society in 1^61), the mathematical mill is a mill which grinds you 
stuff of any degree of fineness, but. neverthcle.s.s, it c.in grind only wliat is put 
into it; and the seismograph tlius offers a new^ source of substantial grist. Now 
that it is fairly t'crtain that .»»omc of iho eartlupiak* -waves pass through th^^ 
deeper parts of the Earth, it is obvious that a fruitful development of science 
will follow successful efforts to introduce precision in recording, and uniformity 
of expression in reading, seismographic records. 

Oldham has pointed out another way in which analysis of seismographic 
records may lead to inhn-matioii regarding iiitra telluric ctmditions by comparing 
the records of waves that pa.'S under the oceanic depressions with those that 
arc sub contiiuMital for the whole or most of their jKiths. Hy comparing the 
records in Europe of the Culombian earthquake of .January lil, 190G, with those 
of the San Francisco quake in the following April, there was a greater interval 
noticed between the first and .^cco^d phasc.s of the Californian earthquake - 
an interval greater than can bo accounted for by inejo difference of distance 
bcl\vt*en the origin of the* sho<k and the lecording instiunicnts. The seismic 
waves which passed from Colombia to Europe must have travelled under the 
broadest and deepest part of the Noith Atlantic basin, while those from 
California ran under the continent of North Amcrita, (To.cscd the \orth AMaritif 
not far south of Iceland, and approachwl Kuiope from the in^rth-we.st, the wav« 
paths throughout being under continents or tlie continental shelf of the NortJi 
Atlantic. There is thus suggested some difference between the elastic con- 
ditions of the sub oceanic and the sub-continental parts of the crubt - a difference 
which, judging by the particular instames dis(u&.sed, may extend to a depth of 
one-quarter of the radius, but is? m>t noticeable in the waves which p<'nctrate 
to one-third of the radius below the surface. 

Obviously these data must be multiplied many time.s before they can be 
regarded as a reliable index to a natural law; but it is significant that this 


•A. Ritter, ‘ Untersuchungen iiber die Hohe dor Atmosphare imd die 
Constitution gasformiger Wcltkorper,' Wiedemann’s Ann. d. Vhya, und Chem.^ 
vol. V. 4f05, 543 (1878) ; vol. vi. 135 (1879) ; vii. 304 (1879) ; viii. 157 (1879). 

• On the Causes of the Phenomena of Terrestrial' Magiietism, Pamphlet, 
1890, p. 2. The idea tbat the Earth’s maignetism is due to the electricity 
’* enerated by the friction between the shell and the core, rotating with a diffearent 
^ion, waj%ttgge8tcd by Dr. Wilde in 1902 {Mem. Manch. Lit. and Phil. Soc., 
P* A simiJar suggestion based also on Halley’s con- 

(Mitth. Cr^ separately rotating inner core was made previously by Sir F. J. 
Oldham has I? Remarkable Changes in the Earth’s Magnetism/ Nature ^ 

vol. 62, 190o, ^ 344-350 (1907). 
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indication of a difference between the physical nature of the 8ub>occanic and 
sub-continental parts of the crust is in rough correspondence with the conclusions 
previously suggested on quite other grounds. 

In his Presidential Address to the Geographical Section of the British 
Association at Dover in 1899, the late Sir John Murray drew attention to the 
chemical differentiation which has been going on between the continents and 
the oceans since the processes of weathering and denudation commenced. By 
these processes the more siliceous and specifically lighter constituents arc left 
behind on the continents, while the heavier bases arc carried out to the ocean. 
It is to this process that Professor T. C. Chamberlin " also ascribes the origin 
of the depressions in which the oceanic waters have accumulated. As a 
corollary of the planotesimal theory, Chamberlin assumes that water be'^gan to 
ho forced out of the porous surface biock.s of the accumulated meteoritic material 
when the PJarth’s radius was between 1,600 and 1,800 miles shorter than it is 
now; at that time pools of water began to be formed on the surface, and the 
atmospliere, just commencing its work, began the operation of leaching the 
licavier bases out of the highlands. Growth of the world proceeded by the 
infall of plaiietesimals, and while those meteorites that fell on the highlands 
became deprived of their soluble bases, those that fell into the young ocean 
were merely buried unaltered. Thus, by the time the Earth reached its present 
size its crust under the oceanic depressions must have developed a chemical 
composition differing from that under the continents. According to the deduc- 
tion 8iigge.sted by Oldham from the seismographic records, there is a noticeable 
difference in the sub-oceanic areas to depths of between 1,000 and 1,300 miles — a 
layer in which the followers of Chamberlin’s theory might reasonably expect 
some physical expression of the partially developed chemical differentiation. 

The occurrence of denser material below the oceans has, of course, long 
been assumed from the deflection of the plumb-line, and was accepted by Pratt 
for his theory of compensation, as well as by Dutton as a wide expression of the 
theory of isoktasy. Chamberlain thus explains the general prevalence of basic 
lavas in oceanic volcanoes. 

The apparent heterogeneity indicated in the outer shell of the Earth to depths 
of 1,0(X) miles is naturally in conflict with the assumption that from thirty miles 
or so down the materials arc in a liquid condition ; at any rate, the idea con- 
flicts with Fisher’s extreme wmopiion of the liquid substiatum, in' which the 
fluidity is supposed to be sufficient for the production of convection currents, 
upw.irds beneath the oceanic depresshms, spreading horizontally towards the 
continents, and thence downwards to complete the circuit. 

The idea that changes of azimuth and of latitude may be brought about by 
the sliding of the Earth’s crust over its core has been put forward more than 
ojicc to account for the climatic changes of past geological ages — the occurrence 
of temperate or even warm climates on parts of the crust now within the polar 
circles, and glacial conditions at the sca-level in countries like India, Australia, 
Africa, and South America, which are now far from the polar ice-shcets and 
in .some cases near or within the tropics. Professor E. Koken, of Tubingen,** 
ill an elaborate memoir entitled * Indisches Perm iind die Permischc Eiszeit,' 
attributes the idea of a sliding crust to Mr. R. D. Oldham; but a similar 
suggestion was put forward by the late Sir John Evans twenty years before the 
])ul)lication of Mr. Oldham’s paper,** and when the theory wak restated in more 
precise form, ton years later, it was subjected to mathematical criticism bv 
J. F. Twisden, E. Hill, and 0. Fisher.** 

** Chamberlin and Salisbury, Geology, vol. ii. 1906, 106-111. 

** Geology^ ii. 1906, p. 120. 

** N, Jahrb, fiir Min. w.x.ir., 1907, 537. 

** J. Evans, ‘ On a possible Geological Cause of Changes in the Position of 
the Axis of the Earth’s Crust,* Proc, Jfoy. Soc., xv. 46 (1^6). 

** J. Evans, Presidential Address, Proc. Gcol. Soc., 1876, p. 106., 

** J. F. Twisden, ‘On possible Displacements of the Earth’s Axis of figure 
produced by Elevations and Depressions of her Surface,* Quart, Journ, GeoL 
Soc., xxxivl 35 (1877). E. Hill, ‘On the possibility of Changes in the Earth’s 
Axis,* Gcol. Mag., 1878, 262 and 479. 0. Fisher, ‘ On the possibility of Changes in 
the Latitude of Places on the Earth’s Surface,' Gcol. Mag., 1878, pp. 291 and 551* 
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w'^fin SvAM snggsated that thii moTtmanl of ih« iriut wtif Inevitable ae 
; a cons^nence of the moulding of the orographical featnra and coniequent 
redistribution of weights; but Twisden came to the concluaicAi that the re- 
r arrangement of the great inequalities on the Earth’s surface would be insufficient 
: to produce any appreciable sliding of the order required to make material 
differences in the climate of any place. 

Oldham,*^ who was writing at the time in the field in India and thus away 
from literature^ put forward the idea in 1886 as an independent thought, and 
made use of Fisher’s new theory regarding the existence of a fluid stratum be- 
tween the solid crust and the supposed solid core to account for tho shifting 
of pli^es relative to the axis of rotation from the equatorial region even to the 
polar^irclea. Oldham drew attention to the recorded small changes of latitude 
at certain observatories and to the probable changes of azimuth in tho Pyramids 
of Egypt— evidences of a kind wliicli have since been greatly enlarged by the 
work of Sir Norman Lockyer and others. 

The movements assumed to have taken place during the human period are 
of coarse small ; and to project from them changes as great as the transfer of 
lands from the polar circle to the tropics bus the objection that cliaractoriscs a 
suTveyoT*a use of ‘unfavourable* triangles in a trigonometrical survey. Before 
admitting, therefore, that these small changes of latitude and of azimuth may Im 
classed with the pahro-glacialists* evidence as data of the same kind, though 
so utterly different in magnitude, it is desirable briefly to e.xatuiiie the geological 
evidence regarding past ice-ages in extra-polar areas. 

From the records of ancient glaci.ation.s we might omit those of the pre- 
Cambrian rocks of North Ontario and the pre-Upper Cambrian of Norway, as 
these areas are nearer the poles than many places which were certainly covered 
with ice-sheets daring tho youngest, or often .«n called Ororit, Ice Age. But 
besides these w’c have, evidence of glaciation in the C^imbrian or pos.-^ibly pre- 
Cambrian rocks of South Australia at a latitude of 35‘^ or less; in South Africa 
there were two or more distinct glacial periods before Lower Devonian times in 
.slightly lower bit it ude.s ; while in (*hina similar records an* found among rocks 
of the Lower Cambrian, or possibly of older age, at a latitude of 31*^ N. 

The glacial boulder-beds found at tho base of our groat coal-hearing .system 
in India belong to the same stratigraphical horizon as the glacial beds found in 
South Africa, certain parts of Australia, and in parts of Brazil and Ran Paulo 
near or within the southern tropic. 

These glacial beds are often referred to in geological literature as Permo- 
Carboniferous in age; but Professor Koken regarded the formation in India as 
Permian. Other valuations of palfeontological evidence, similar to that relied 
on by Professor Koken, place these beds at a distinctly lower horizon in the 
European stratigraphical scale, and recent work by oflicor.s of tho Geological 
Rurvey of India in Kashmir tends to confirm this latter vie,\v • wo now regard the 
base of our great coal-bearing system in IndiOr-^-the horizon of the glacial-boiilder- 
beds — ^as not much, if all, younger than the Upper Coal Measures rd Britain.'^ 
The precise age of the horizon is not very important for oiir present considera- 
tion ; the important point is that in or near Upper Carboniferous times a wide- 
spread glaciation occurred throughout the area now occupied by India, Australia, 
and South Africa, llie records of this great glaciation are thus found stretch- 
ing northwards beyond the northern as well as southwards beyond the southern 
tropic. 

Now, on the assumption that the cold climate in this region was due to a 
movement of the crust over the nucleus. Professor Koken has produced an 
^ elaborate map of the; World, showing the distribution of land and sea during 
the period, with the directions of ocean-currents and of ice-shcets. The 
Piwrmian South Pole he places at the point of intersection of the present 
20th parallel S. and 80th meridian E. — that is, at a point in the Indian Ocean 
about equidistant from the glaciated regions of India, Australia, and South 
.Africa, llie Permian North Pole is thus forced to take up its position in the 
centre of Mexico, while the Equator strikes through Russia, Italy, West 
Africa, down through the South Atlantic and round by Fiji to Vladivostock. ' 

GtiH, Mag., 1886, 304. 

V H. H. Hayden, Eee. Oeol^ Surv, Ind., vol. xxxvi..p. 23^ 1907. 
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Tho very preeision of this map reduces the theory on which it u based to a 
condition of unstable equilibrii^. If glacial conditions were developed in 
Indiaj Australia, and South Africa by a 70^ movement of the crust, were the , 
movements to and from its assumed position in Permian times so rapid that tho 
glaciation of these widely separated areas appears to bo geologically contem- 
poraneous ? If such movements had occurred, instead of evidences of glaciation 
over a wide area at tho same period, we ought rather to find that the glaciation 
ill each of the widely separated points occurred during distinctly different 
geological periods. 

But that is not the only weak spot in the evidence. Tho Permian (or Permo- 
Carboniferous) glaciation of Australia took place on the east and south-east of 
the continent as well as in Western Australia, and the eastern icc-sheets would 
thus have been active within 30° of Professor Kf)ken*s Periniaii equator. Tliere 
arc still three other serious pieces of colour-discord in this picture. In tho 
State of S\o Paulo — that is, within Koken’s ‘ Permian * tropics — Dr. Orville 
Derby lias described beds which strikingly recall the features of the Upper 
Palaeozoic glacial beds of India and South Africa, it is possible that these 
are due to the work of glaciers at a high level ; but, since the publication of 
Professor Kokcii*s memoir, other occurrences of tho kind liavc been described 
)jy Dr. I. G. White in diiterent parts of Brazil, and there is a general 
correspoiidcncu between the phenomena in South America and lliosc iu the 
forinatioiis of tlie same age in the Indian. Australian, and African regions. 

Then, too, if we accept this expression of the physical geography during 
Upper Paheozoic times, we must carefully explain away the suspicious breccias 
and brockrains which have been regarded by many geologists as evidences of a 
cold climate during Permian times m the Urals, the Thuringerwald, the English 
Midland and Northern counties, Devonshire and ArmagJi — jdaces that would 
lie on or near Koken’s ‘ l\*rmian ’ equator. Finally, we find the hypothetical 
INrmian North Polo in a locality which has failed to produce any signs of 
glaciation. < 

To attempt a discussion of tho explanations, offered to account for the great 
Upper Paheozoie glaciation would lead us far from tho present theme. The 
question is raised merely to show that tlie phenomena are not consistent with 
the supposed movement of a solid shell over .i solid core assisted bv an 
intermediate molten lubricant. Geologists may be compelled to hand back the 
theur} of a molten substratum to the mathematicians and physicists for further 
repair; but it does not necessarily follow that a foundation theory is unsound 
merely because it has been o^crloaded beyond its oompresaive strciigtb. 

The extraordinarily great distances between tlio areas that show signs of 
glaciation in Periiio-Garboniferous time.s form a serious btumbliiig-bluek to most 
of tlie explanations which ha\e hitherto been otfered. Due is almost tempted in 
despair even to ask if it is not possible I'liat fragments ul the old 

(lundwana continent aro now more widely separated from one another tiiaii they 
were in Upper Paheozoic times. Tt is a bold suggestion indeed that one can 
safely put aside as absurd in geornorphology. There is nothing else apparently 
left for us but the assumption of a general refrigeration. 

Tho idea of the greater inequalities of the globe being in approximately static 
equilibrium has been recognised for many years : it was exprcs.sed by Babbage 
and Herschel; it was included in Archdeacon FratUs theory of compensation; 
and it was accepted by Fisher as one c)f the. fundamental facts on which his 
theory of mountain structure rested. But iu 1869 Captain C. E. Dutton pre- 
sented the idea ‘ in a modified form, in a new dress, and iu greater deUil ’ ; he 
gave tho idea orthodox baptism and a name, which seems to be necessary for the 
respectable life of any scientific theory. * For the condition of equilibrium of 
figure, to which gravitation tends to reduce a planetary body, irrespective of 
whether it bo homogeneous or not,* Dutton proposed ‘ the name isostasy.* 
The corresponding adjective would bo isostatic — the state of balance between 
the ups and downs on the Earth. 

For a long time geologists were forced to content themselves with the con- 
clusion tliat the folding of strata is the result of the crust collapsing on a cooling 

Dutton, * On some of the Greater Problems of Physical Geology,* Bull, 
Phil, Soc. Wa$h*^ Xi. 53, 1889. 
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and shrmiking core; but Fisher pointed out that the amount uf i.uiiul shrinkttig 
could not account oven for tho present great surface inoquulitu s of iho lithu- 
^sphere, without regard to tho enormous lateral shortening indicated by the 
Infolds in great mountain regions, some of which, like tho Himalavan folds, were 
; formed at a late date in the Earth’s histoi^, folds wliich in date and direction 
have no genetic relationship to 0. IL Darwin’s primitive wrinkles. Then, 
besides the folding and plication of the crust in some areas, wo have to account* 
for tho undoubted stretching which it has suffered in other places, stretching 
of a kind indicated by faults so common that they are generally known as normal 
faults. It has been estimated by Claypole that the folding of the Appalachian 
range resulted in a horisoiiial compression of the strata to a belt less than 
65 per cent, of the original breadth. According to Heim tho diameter of tho 
northern zone of the central Alps is not more than half the original extensi< 
of tho strata when they were laid down in horizontal slnu ♦.s. Do la Bcche, n 
his memoir on Devon and Cornwall which anticipated many problems of nioi ? 
than local interest, pointed out that, if the inclined anti folded strata were 
fattened out again, they woubl cover far more ground than that to which they 
are now restricted on tlie geological inai». Thus, accortling to Dutton, Fisher, 
and others, the mere contraction of the cooling globe is insii%ient to account 
lor our great in » ck folds, cspeciitlly great folds like those of he Alps and tht' 
Himalayas, which have been producetl in quite, late geological iiine.>>. It is 
possible that this coiulusioii is in the main true: hut in coming to this umclusion 
we muist give due value to the number of ])atches whicli have hc(Mi let into the 
old crustal onvelnpc— masses of i£;ijeous ntek. mineral \eins ami hyilrateil pro 
u’ui'ts whi«h ha\e been formed in ariM> ot temporary s-tretdiing, uud have 
remained as permanent ad<iitions to the rru.st, increasing the size and haggincs.N 
of the old Coat, which, since the disroxery of radium, is now icgarded us much 
older than n.i.s formerly imagined by non gcoJognal nicinhcrs of the sc eiiti/ic 
world. 

The peculiar nature of rock iulds presents also an obstacle no less formid.iblc 
from d (|ualftati\e point of view. If the skin were merely collap.sing on it.s .shrink- 
ing core we should expect wrinkles in all directions; yet wo find grciit folded 
areas like the Himalaya.^ htret^biiig continuously for 1,PK) miles, with signs of 
a peiNsisteutly directed overthru.'^t from the north; ur v\o have folded masses 
like the Appalacliiaiis of a similar order of magnitude .stretching trom Maine 
to Georgia, witli an uriinistakahle compression in a north-west to soutli-east 
direction. The simple hypotheses oi a collapsing ermst is thus ‘ quantitatively 
iii.siifiicient/ according to Dutton, though this is still doubtful, and it is 
* qualitatixely iiia}>plkabIo,* which is liigfily probable. 

In addition to the facts that rock -fold.s are maintained over such gr(*at 
distances and that later folds are .sometimes found to be .suporimpo.scd on older 
ones, geologists have to account for the conditions which permit of the gradual 
accumulation of enormous thicknes.^es of strata without corre.'sponding rise of 
the surface of deno.sitioii. 

On the other hand, too, in folded regioiib there arc expo.«iires of beds siqier- 
imposed on one another with a total thickness of many inile.s more tliaii the 
height of any known mountain, and one is driven again ti> conclude that iiplitt 
has proceeded pori passu with the removal of the load through the erosive work 
of atmospheric agents. 

It does not necessarily follow that these two i)rocc.s.ses are tho direct result 
of loading in one case and of relief in the other; for slow subsidence gives rise 
to the conditions that favour deposition and the uplifting of a range results in 
the increased energy of eroding streams. 

Thus there was a natural desire to see if Dutton’s tlieory agreed with the 
variations of gravity. If the ups and downs are balanctui, the apparently large 
^ mass of a mountain range ought to be compensated by lightness of material in 
and below it. Dutton wa.s .'uvare of the fact that this wa.s approximately true 
regarding the great continental plateaux and oceanic depressions ; but he 
imagined that the balance was delicate enough to show up in u small Jiill rungc 
of 3,000 to 5,000 feet. 

The data required to test this theory, accumulated during the triangulation 
of the IJnited Btiites, have been made the subject of an elaborate analysi.s by 
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J. F. Uayford and W. Bowie.*® They find that, by adopting the hypothesia 
of isostatic compensation, the differences between the observed and computed 
deiloctions of the vertical caused by topographical inequalities are reduced 
less than one-tenth of the mean values which they wQmd have if no isostatic 
compenMtion existed. According to the hypothesis adopted, the inequalities ^ 
of gravity are assumed to die out at some uniform depth, called the depth of \ 
compensation, below the mean sea-level. The columns of crust material stands, 
iiig above this horizon vary in length according to the topography, being rela- ^ 
tively long in highlands and relatively short under the ocean. The shorter ‘ 
columns are supposed to be composed of denser material, so that the product 
of the length of each column by its mean density would be the same for all 
places. It was found that, by adopting 122 kilometres as the depth of com- 
pensation, the deflection anomalies were most effectually eliminated, but there 
still remained unexplained residuals or local anomalies of gravity to be accounted 
for. 

Mr. G. K. Gilbert,*' who was one of the earliest geologists to turn to account 
Dutton’s theory of isostasy, has recently offered a plausible theory to account 
for these residual discrepancies between the observed deflections and those 
computed on the assumption of isostatic compensation to a depth of 122 kilo- 
metres. An attempt had already been made by Hayford and Bowie to correlate 
the distribution of anomalies with the main features ot the geological map and 
with local changes in load that have occurred during comparatively recent’ 
geological times. For example, they considered the possibility of an increased 
load in the lower Mississippi valley where there has been in recent times a 
steady deposition of sediment, and tnerefore possibly the accumulation of mass 
.sliglitly in advance of isostatic adjustment. One would expect in such a case 
that there would be locally shown a slight excess of gravity, but, on the con- 
trary, there is a general prevalence of negative anomalies in this region. In 
tiie Appalachian region, on the other hand, where there has been during late 
geological times continuous erosion, with consequent unloading, one would expect 
that the gravity values would be lower, as isostatic compensation would 
naturally lag behind the loss of overburden; this, however, is also not the case, 
fur over a greater part of the Appalachian region the anomalies are of the 
positive order. Similarly, in the north central region, where there has been* 
since Pleistocene times a removal of a heavy icc*cap, there is still a general 
prevalence of positive anomalies. 

These anomalies must, therefore, remain unexplained by any of the obvious 
phenomena at the command of the geologist. G. K. Gilbert now suggests that, 
while it may be true that the product of the length of the unit column by 
its mean density may be the same, the density variations within the column 
may bo such as to give rise to different effects on the pendulum. If, for instance, 
0110 considers two columns of the same size and of exactly the same w''eight, with, 
in one case, the heavy material at a high level and in the other case with the 
heavy material at a low level, the centre of gravity of the former column, being 
nearer the surface, will manifest itself with a greater pull on the pendulum; 
these columns would be, however, in isostatic adjustment.'*'* 

J. F. Hayford, * The Figure of the Earth and Isostasy,* U.S, Coast and 
Geodetic Survey^ Washington, 1909. ‘ Supplementary Investigation,* Washing- 

ton, 1910. See also Science, New Series, vol. xxxiii., p. 199, 1911. J. F. 
Hayford and W. Bowie, ‘ The Effect of Topography and Isostatic Compensation 
upon the Intensity of Gravity,* U,S, Coast and Geodetic Survey Special 
Publication No. 10, Washington, 1912. 

* Interpretation of Anomalies of Gravity,* 17.6*. Gcol, Surv. Professiotitd 
Paper 86-C, 1913, p. 29. 

It is interesting to note that the idea suggested by G. K. Gilbert in 1913 
w'as partly anticipated by Major H. L. Crosthwait in 1912 (Survey of India, 
Professional Paper No. is, p. 5). Major Crosthwait in discussing the similar 
gravity anomalies in India remarks parenthetically : ‘ Assuming the doctrine of 
isostasy to hold, is it not possible that in any two columns of matter extending 
from the surface down to the depth of compensation there may be the same 
mass, md yet that tho density may be very differently distributed in the two 
1914; A A 
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Gilbert's hypothesis thus diilers slightly from tho couceptiou put forth by 
, Hayfqrd aud Bowie ; for Gilbert assumes tliat there is still appreciable hctcro- 
' geneity in the more deep-seated parts of tho Earth, while Hayford and Bowie’s 
Hypothesis assumes that ju the nuclear mass density anomalies have practically 
disappeared, and that there is below the depth of cuinpensation an adjustment 
such as would exist in a mass composed of homogeneous concentric shells. 

In order to make the Indian observations comparable to those of the United 
States as a test of the theory of isostasy, Major H. L. Crosthwait has adopted 
Hayford’a system of computation and has applied it to 102 latitude stations and 
18 longitude stations in India. He finds that tho unexplained residuals in India 
are far more pronounced than they are in the United States, or, in other words, 
it would appear that isostatic conditions are much more nearly realised in 
America than in India. 

The number of observations considered in India is still too small for the 
formation of a detailed map of anoiiialies, but the country can bo divided into 
broad areas which show that the mean anomalies arc comparable to those of tho 
I^uiiod States only over the Indian peninsula, which, being a mass of ruck 
practically undisturbed since early geological times, may be regarded safely as 
having approached isostatic cH]uiiibriam. To tho north of the peninsula ilirec 
districts form a wide baud stretching west-north-westwards from Calcutta, with 
mean jrcsidual anomalies of a xoositive kind, while to the north ':}i this band lies 
the Himalayan belt, in which there hi always a large negative residual. 

Colonel Burrard'* has considered the Himalayan and Sub-HimalayaJi 
anomalies in a special memoir, and comes to the conclusion that tlic gravity 
deficiency is altogether too great to be due to a simple gcosyncliiud depression 
filled with light alluvium such as we gencraliy regard the Gaiigetic trough to 
be. He suggests tiiat the rapid change in gravity values near the southern 
margin of tho Himalayan muss cun be explained only on the assumption of tho 
existence of a deep and narrow' rift in the sub-crust parallel to the general 
Himalayan axis of folding. A single large rift of the kind and size that Colonel 
Burrard postulates is a feature for which we have no exact parallel; but ojic 
must be careful not to be misled by tho use of a term which, while conveying a 
definite mental impression to a mathematician, appears to be incongruous with 
our geological experience. There may be no sucli thing as a single laijgo rift 
filled with light uilu\ial material, bat it is possible that tlierc may still be a 
Series of deep-seated fi.ssures that might afterwards becuino filled with miueiMl 
matter. 

With this cunceptiuii of a rift or a series of rifts, Colonel Burrard is led to 
reverse the ordinary mechanical conception of Iliiualuyan folding. Instead now 
of looking upon the folds as due to an overthrust from the north, he regards 
the corrugations to be the result of an under-creep of the sub-crust towards tho 
north. Thus, according to this view, the Himalaya, instead of bcin^ pushed 
over like a gigantic rock -wa\e breaking on to the Indian Horst f is in re-ility 
being di'agged away from the old peninsula, the depression between being filled 
up gradually by the Gaiigetic alluvium. So far as the purely stratigraphicul 
features are concerned, the effect would be approximately the same whether 
there is a superficial overthrust of tho covering strata or whether there is a 
.deep-seated withdrawal of the basement which is well below the level of 
observation. 

. Singe the Tibetan expedition of ten years ago w^e have been in possession 
of definite facts which show that to the north of the central crystallme axis 
oi tho Hubalaya there lies a great basin of marine sediments forming a fairly 
complete record from Palaeozoic to Tertiary times, representing the sediments 


"columns? These two columns^ though in isostatic equilibrium, would act 
differently on the plumb-line owing to the unequal distribution of mass. 

*The drawback to treating this subject by hard and fast mathematical 
formulae is that we are introducing into a discussion of tho constitution of the 
earth’s crust a unifSrm method when, in reality, probably no uniformity 
exists.* ; , 

Surveif of IndUiy Profssutonul Paper No.^ 13, 1012. 
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which were laid down in the great central Eurasian ocean to which Suess gave 
the name Tpthys, We have thus so far been regarding the central crystalline 
axis of the Himalaya as approximately coincident with the old northern coast- 
line of Gondwanaland; but, if Colonel Burrard’s ideas be correct, the coast-line 
must have been very much further to the south before the Himalayan folding 
began. * 

Representing what the Geological Survey of India regards as the orthodox 
view, Mr. H. H. Hayden ” has drawn attention to some conclusions which, from 
our present geological knowledge, appear to be strange and improbable in 
Colonel Burrard’s conclusions, and he also offers alternative explanations for 
the admitted geodetic facts. Mr. Hayden suggests, for instance, that the 
depth of isostatic compensation may be quite different under the Himalayan 
belt from that under the regions to the south. ITis assumptions, however, in 
thi.s respect are, as pointed out by Colonel G. P. Lenox Conyngham,** at variance 
with the whole theory of isostasy. Mr. Hayden then suggests that most of the 
excessive anomalies would disappear if we took into account the low specific 
gravity of the Sub- Himalayan sands and gravels of Upper Tertiary age as 
well as of the Pleistocene and recent accumulations of similar material filling 
the Indo-Gangetic depression. It would not be at all inconsistent with our 
idca.s derived from geology to regard the Gangetic trough as some three or four 
miles deep near its northern margin, thinning out gradually towards the undis- 
turbed mas.s of the Indian peninsula, and Mr. R. D. Oldham,*^ with this view, 
has also calculated the effect of such a wedge of alluvial material of low specific 
gravity, coming to the conclusion that the rapid change in deflection, on 
fiassing from the Lower Himalaya southward towards the peninsula, can mainly 
be explained by the deficiency of mass in tlie alluvium itself. 

It is obvious that, before seeking for any unusual cause for the gravity 
anomalies, we ought to take into account the effect of this large body of alluvium 
which lies along the southern foot of the range. It is, however, by no means 
certain that a thick mass of alluvial material, accumulated slowly and saturated 
with wMter largely charged with carbonate of Time, would have a specific gravity 
so appreciably lower than that of the rocks now exposed in the main mass of 
the Himalaya as to accoiint for the residual anomalies. Some of the apparent 
deficiency in gravity is due to this body of alluvium, but it will only be after 
critical examination of the data and more precise computation that we shall 
be in a position to say if there is still room to entertain Colonel Burrard’s very 
interesting hypothesis. 

By bringing together the geological and geodetic results we notice five 
roughly parallel bands stretching acros.s northern India. There is (1) a band 
of .abnormal high gravity lying about 150 miles from the foot of the monntain.s, 
detected by the plumb-line and pendulum; (2) the great depression filled by 
the Gangetic alluvium ; (3) the continuous band of Tertiary rock, forming the 
Sub-Himalaya, and separated by a great boundary overthrust from (4) the main 
mass of the Outer and Central Himalaya of old unfos.'jiliferous rock, with the 
snow-covered crystalline peaks flanked on the north by (5) the Tibetan basin of 
highly fossiliferous rocks formed in the great Eurasian mediterranean ocean 
that persisted up to nearly the end of Mesozoic times. 

That these leading features in North India can hardly be without genetic 
relationship one to another is indicated by the geological history of the area. 
Till nearly the end of the Mesozoic era the line of crystalline, snow-covered 
peaks now forming the Central Himalaya w^as not far from the shore-line 
between Gondwanaland, stretching away to the south, and Tethys, the great 
Eurasian ocean. Near the end of Mesozoic times there commenced the great 
outwelling of the Deccan Trap, the remains of which, after geological ages of 
erosion, still cover an area of 200,000 square miles, with a thickness in places of ^ 
nearly 5,000 feet. Immediately after the outflow of this body of basic lava, 
greater in mass than any known eruption of the kind, the ocean flowed into 
North-West India and projected an arm eastwards to a little beyond the point 



/?ec. QtoL Surv. Ind,^ vol. xliii. part 2, p. 138, 1913. 
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■ at' which' Uie Gahgea now emerges from the hills, ^en followed the folding 
^"'rmovements that culminated in the present Himalayan range, the elevation 
^' developing first on the Bengal side, and extending rapidly to the north west 
V until the folds extended in a great arc for some 1,400 miles from south*ea8t to 
north-west. 

New streams developed on the southern l^ace of the now rising mass, and 
although the arm of the sea that existed in early Tertiary times became choked 
witli silt, the process of subsidence continued, and the gradually subsiding 
depression at the foot of the hills as fast as it developed became filled with 
silt, sand, gravel, and boulders in increasing quantities as the hills became 
mountains and the range finally reached its present dimensions, surpassing in 
size all other features of the kind on the face of the globe. 

Now. it is important to remember that for a^gea before the great outburst of 
Deccan Trap occurred there was a continual unloading of Goiidwanaland, and 
a continual consequent overloading of the ocean bed immediately to the north ; 
that this process went on with a gradual rise on one side and a gradual depres- 
sion on the other; and that sotnowhere near and parallel to the boundary lino 
the crust must have been undergoing stresses which resulted in strain, arid, as 
I suggest, the development of those fissures that let loose the Hoods of Deccan 
Trap and brought to an end the delicate isostatic balance. * 

During the secular .subsidence of the northern shore line of Gondwanaland, 
aocomp<anied by the slow accumulation of sediment near the shore and the 
gradual filing away of the land above sea level, there must have been a gradual 
creep of the crust in a northerly direition. Near the west end of the Himalayan 
arc this movement would bo towards the north west for a part of the lime; 
at the cast end the creep would be towards the north north east and nortli cast. 
Thus there would be a teiuiency from well back in Pala*o 2 oic times up to the 
end of the Cretaceous period for normal faults* faults of tension— to develop 
on the land, with a trend varying from W.S.W.-E.N.E. to W.N.W.-E.S.E. 
across the northern part of Gondwanaland. Wo know nothing of the evidence 
now pigeon-holed below the groat mantle of Gangetic alluvium, while the 
records of the Himalayan region have been masked or destroyed by later fold- 
ings. But in the stratified rock.s lying just south of the southern margin of the 
great alluvial belt we find a common tendency for faults to strike in this way 
across the present Peninsula of India. These fault.s have, for instance, marked 
out the great belt of coalfield.^ stretching for .some 200 mile.s from east to west 
in the Damuda valley. On thi.s, the east side of India, the fractures of tension 
have a general trend of W.N.W.-E.S.E. We know that these faults are later 
than the Permian period, but some of them certainly were not much later. 

If now w'e go westwards across the Central Prov’ince.s and Central India and 
into the eastern part of the lk)mbay Presidency, we find records of thi.s kind 
still more strikingly preserved ; for where the Gondwana rock.s, ranging from 
Permo-Carboniferous to Liassic in age, rest on the much older Vindhyan series, 
we find three main series of these faults. One series was developed before 
Permo-Carboniferous times; another traverses the lower Gondwanas, which 
range up to about the end of Permian times; while the third set affects the 
younger and Upper Gondwanas of about Rhnetic or Liassic age. Although 
the present topography of the country follows closely the outlines of the geo- 
logical formations, it is clear from the work of the Geological Survey of India 
that these outlines were determined in Mesozoic times, and that the movements 
which formed the latest series of faults were but continuations of those which 
manifested themselves, in Palaeozoic times. According to Mr. J. G. Medlicott, 
the field data showed ‘ that a tendency to yield in general east and west or 
.more clearly north-east and south-west lines existed in this great area from the 
"'^Temote period of the Vindhyan fault.'** The author bf the memoir and map 
on this area was certainly not suspicious of the ideas of which I am now un- 
burdening ray mind ; on the contrary, he attempted and, with apologies, failed 
to reconcile his facts to views then being pushed by the weight of ‘ authority * 
in Europe. This was not the last time that facts established in India were 
found (to use a field-geologist’s term) nnconformably to lie on a basement of 

GeoL fiurv, 7/nf., vol, li, 1860, part 2, p. 266. 
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geological orthodoxy it determined by authority in finrope. It ia important 
to notice that the series of faults referred to in the central parts of India are 
not mere local dislocations, but have a general trend for more than 260 miles, 

A fault muat be younger, naturally, than the strata which it traverses, but 
how much younger can seldom be determined. Intrusive rocks of known age are 
thus often more useful in indicating the age of the fissures through which they 
have been injected, and consequently the dykes which were formed at the time 
of the eruption of the great Deccan Trap give another clue to the direction 
of stresses at this critical time, that is towards the end of the Cretaceous 
period, when the northerly creep had reached its maximum, just before Goiid- 
wanaland was broken up. If, now, we turn to the geological maps of the northern 
part of Central India, the Central Provinces, and Bengal, we find that the old 
Vindhyan rocks of the Narbada valley were injected with hundreds of trap- 
dykes which show a general W.S.W.-E.N.E. trend, and thus parallel to the 
normal tension faults, which we know were formed during the periods pre- 
ceding the outburst of the Deccan Trap. I’his general trend of faults and 
basic dykes is indicated on many of the published geological maps of India 
covering the northern part of the peninsula, including BalKs maps of the 
Kamgarh and Bokaro coalfields^* and of the Hutar coalfield,” Hughes’ Rewa 
Goiidwana basin,** Jones* southern coalfields of the Satpura basin,** and Oldham’s 
general map of the Son Valley.** 

We see, then, that the development of fissures with a general east- west 
trend in the northern part of Gondwatialand culminated at the end of the 
(hetaceous period, when they extended down, probably, to the basic magma 
lying below the crust cither in a molten state, or in a state that would result 
in fluxion on the relief of pressure. That the molten material came to the 
.surface in a superheated and liquid condition is shown by the way in which 
it has spread out in horizontal sheets over such enormous areas. Tiiroughout 
this great expanse of lava there are no certain signs of volcanic centres, no 
conical slopes around volcanic necks; and one might travel for more than 4(K) 
miles from Boona to Nagpur over sheets of lava which are still practically 
horizontal. There is nothing exactly like this to be seen elsewhere to-day. 
The nearest approach to it is among the Hawaiian calderas, whore the highly 
mfJiile basic lavas also show the characters of superfusion, glowing, according 
to*J. D. Dana,** with a white heat, that is, at a temperature not less than about 
l,:HK)OC. 

Mollard Readi? has pointed out that the Earth's crust is under conditions of 
stress analogous to those of a bent beam, with, at a certain depth, a ‘ level of 
no strain.* Above this level there should be a shell of compression, and under 
it a thicker shell of tension. The idea has been treated mathematically by C. 
Davison, G. H. Darwin, 0. Fisher, and M. P. Rudski, and need not be discussed 
at present. Professor R. A, Daly has taken advantage of this view» concerning 
tlie distribution of stresses in the crust to explain the facility for the injection 
of dykes and batholiths from the liquid, or potentially liquid, gabbroid magma 
below into the shell of tension.** He also shows that the injection of large 
bodies of basic material into the shell of tension tends on purely mechanical 
grounds to the formation of a depression, or geosyncline. If this be so, are we 
justified ill assuming that the heavy band following the southern margin of the 
Gangctic gcosyncline is a * range’ of such batholiths? The idea is not entirely 
new; for 0. Fisher made the suggestion more than twenty years ago that the 
abnormal gravity at Kalianpur was due to ' some peculiar influence (perhaps of 
a volcanic neck of basalt).*** 

3fetn» Geol. Suri\ Ind,, vol. vi. part 2. 

Ibid., vol. XV.. 

** Ibid., vol. xxi. part 3. 

** Ibid., vol. xxiv. 

** Ibid., vol. xxxi. part 1. 

®* Characteriatica of Vdeanoea, 1891, p. 200. 

** R. A. Daly, * Abyssal Igneous Injection as a Causal Condition and as an 
Effect of Mountain-building,* Amer. Journ. Sci., xxii. Sept. 1906, p. 205. 

*• Phyaica of tht Eartk*a Cruat, 2nd ed., 1889, p. 216. * 
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Daly’s suggestion, however, taken into account with the history of Guild waiia 
"land, may explain the peculiar alignment of the heavy subtei raiiean hand, 
parallel to the Gangetic depression and parallel to the general trend of the 
. peninsular tension-faults and fissures that followed the unloading d Oondwanu- 
laud and the heavy loading of the adjoining ocean bed along a band roughly 
. parallel to the present Hiuialavau folds. 

K. i;*. Woodward objected that isostasy does nut soeiii to meet tie requirements 
of geological continuity, for it tends rapidly towards stable cquilil'riuin, and the 
crust ought therefore to reach u stage of repose early in geologic time.” If the 
: process of denudation and rise, with adjoining deposition and subsidence, 
£ occurred on a solid globe, this objection might hold good. But it seems to mo 
v.;;/7v|hat the break-up of Gondwaiialand and the tectonic revolutions that followed 
how isostasy can defeat itself in the presence of a sub-crustal magma 
actually molten or ready to liquefy on local relief of pressure. It is possible^ 
that the protracted filing off of Gondwanaland brought nearer the surface 
. what was once the lo^l level of no-strain and its accompanying shell of tension. 

/• The conditions existing in noi'thom Gondwanaland before late Mesozoic times 
must have been similar to those in south-west Scotland before the occurrence^ 
of the Tertiary eruptions, for the crust in this region was also torn by stresses 
. in the S.W.*>N^K. direction with the formation of a remarkable series of 
N.W.-S.E. dykes which give the one-inch geological maps in this region a 
regularly striped appearance. 

There is no section of the Earth’s surface which one can point to as being 
now subjected to exactly the same kind and magnitude of treatment as that to 
which Gondwanaland was exposed for long ages before the outburst of the Deccan 
Trap; but possibly the erosion of the Brazilian highlands and the deposition of 
the silt carried down by the Amazon, with its southern tributaric.«, and by the 
more eastern Aragua\ and Tocantins, may result in similar .stresse.s which, if 
continued, will develop strains, and open the way fur the subjacent magma to 
appn»acii the surface or nven to become extravasated, adding another to tlic 
small family of so-called fjs.suj-e-eruptions. 

The value of a generalisation ran be tested best by its reliability ns a bii.«<is 
for prediction. Nothing shows up the shortcomings of our knowledge about the 
state of affairs below the superficial crust so elt'ectually as our inability to make 
• any useful predictions about earthquakes or volcanic eruptions. For many 
years to come in this department of science the only worktf who will ever 
establish a claim to be called a prophet will be one in Cicero^ sense--* he who 
guesses well.* 


Mij.BoiiiNi:. 


Finn AY, AV(Jl!ST M. 

The following Papers were read ; — 

1. The Geology of Victoria. By rrofes.soi’ Eknest W. 8kkats, D.Sc. 


2, Exhibiiion of a Series of Lantern Slides ilLuslraiing Desert Scenery 
Denudation, By Dr. Joiian.ves WAi/iiiEn. 

Every clima^d region' is characterised by a different type of disintegration 
and denudation of soft or softened rock by the agents of erosion. In the nival ' 
. region a cover of snow protects the surface of the earth during a long period of 
Abe year.^ ... 

^ In the humid zone and also in the equatorial pluvial region the soil is over- 
. , ' Address to of Mathematics and Astronomy of the Amer* Asspe./ 
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prrown by A network of roots and rootlets of millions of plants, which bind 
toj^cther I ho small particles and protect them against wind and running water. 

In arid regions, whero the rain is not sufficiciit to form perennial rivers, 
and when* the vegetation forms isolated patehe.s in the barren country, every 
particle of soft or disintegrated rock is quickly taken away by the wind or the 
occasional rainfall. Therefore the general denudation of the land is very 
powerful. The Egyptian monuments, exposed during 4,000 years to the disinte. 
grating and denuding powers of the desert, offer beautiful examples of the 
(liffereiit kinds of dry disintegration, and many of them show very clearly also 
the t! unsporting effect of the wind. 


3. The Climatic Conditions of the Early Pre~Cambrian. 

By Professor A. P. Oou.man, F.B.S. , 

Oar knowledge of the later Pre-Cambrian permits ns to speak of desert 
conditions in the Keweenawan or Torridoniaii and of an ice age followed by 
cool climate in the Huronian, but little evidence has been given as to ^rlier^ 
climates. Recent work in Canada shows that the Sudbury series, of ' Pre^-sf 
Lauren tian age and very much older than tne Huronian, includes all types of / 
sediments, often well enough preserved to show cross bedding, ripple marks, and 
annual layers indicating the change of seasons. They must have been formed 
, near the margin of a continent where granites weathered under a cool and 
moist climate. They seem to be delta materials deposited by great rivers. 

The highly metamorphosed sediments of the still older Grenville and 
Keew’atin .series (Lewisian ?) have lost their original structures, but the gneisses, 
quartzites, and marbles must* have been clay, sand, and limestone in the 
beginning, and the graphite may have originated in plants. Land surfaces must 
have been attacked by water and air to produce these materials, and there is no 
evidence that the climate was hot. These are the earliest-known formations, so 
that air and water worked in the usual way at the beginning of recorded 
geological time. 


4. Victorian GraptoUtes. BylL, S>. ITalt,, Ilf.A., T),Sc. 

The Silurian and Ordovician graptolite bearing rocks of Victoria occupy 
about 20,<XK) square mile.s, and over a hundred species bavc been recorded. 

Very little is known of the Silurian. The Ordovician is divided into Upper 
and Low'cr, but prob.ably represents a continuous series. The Upper is charac- 
terised by the presence of Dicranograptiche. Xo zonal work has been done in 
the field, though collections yielding about fifty re. ordod .species have been made. 

Four divisions are recognised in the Lower Ordovician, namely, Darriwillian, 
Ca.stlemainiaii, Jlendigonian, and Ijanrefieldian, at the base. There are several 
.subdivisions of these formations. The characters were briefly indicated in . 
the ‘Geological Magazine* by the author in Subsequent work by T. 

Ifart, F.G.S., at Daylesford has confirmed the sequence established. Largo' V 
collections made by the Survey at many localities have .somewhat extended our 
knowledge of the fauna and its distribution, but without adding any features 
of great importance. 

The Upper Ordovician ranges north from Eastern Victoria for 300 miles 
into New South Wales. In New Zealand Lancefieldian occurs at Preservation 
Inlet, and two Castlemaine zone.s occur as 'well. It is probable that the Victorian 
sequence, and not the British as stated, will be found. 

Broadly, the sequence of Australiiin graptolites agrees with the EiiropSin, 
hut in details is closer to that of New York, as Rnedemann has pointed out. 
The important differences in the range of Didymograptus bifidus, I), cnduceus, 
D. nicbolsoni, Loganograptus, Cloiwgrapim rigid us, and some other genera and > 
species negative the idea that graptolite zones are world-wide, and as no one 
believes that all genera and species originated in one locality and radiated thence 
this la w»hat should expect. 
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T). On iVio Tertiary Alkali Hock a of Victoria, 

By Professor Krxkst W. Skkats, D,Sc, 

From Mount I^insler in Benambra, Frencliman’a Hill near Omen, and Nnyang 
. in Dargo, three areas in Eastern Victoria, the late Dr. Howitt (1) described 
igneous rocks which Wlong to the alkali aeries. They were all regarded by 
Howitt as of Palspozoic age. The age of the rocks of Noyang, which consist 
main]y of intrusions and lava^flows of quartz^ceratophyre, has not been closely 
investi^t^ and^ may be Paleeozoic. Recent work (2), however, has shown, 
especially in the case of the Omeo rocks, that they are probably of mid- or even 
Of late-Teirtiaiy age. The alkali rocks of Frenchman’s HIU, described by^ 
Howitt as intrusive orthophyres, consist really in the main of lava-flows of ^ 
' , Hanorthoclase trachyte which has a very scoriaceons margin to the flows. There 
^^'is a central plug of a coarser quart?- bearing rock allied to solvsbergite and a 
more or less radikl system of dykes which are principally trachytic in character. 
Some, however, contain quartz, one at least is a bostonitc, and six nr seven prove 
to be dykes of nepheline-phonolite. The district is one which has been affected 
by a succession of elevatory movements of the plateau type since the mid-Tertiary 
period, and. according to Clriffith Taylor (3), a more or less meridional Scnktingy 
fold runs through the Omeo district a few miles east of Frenchman’s Hill. Tli. 
rocks of Mount Leinster in Benambra consist principally of .solvsborgites. bos 
tonites. and pyroclastic rocks of alkali trachyte. Petrologically and clieinically 
many of the rocks of Mount Leinster and of Frenchman’s Hill closely resemble 
some of the L.lkali rocks of Mount Mucedon, and. like them, are pnibably of mid 
Tertiary age. Tlie district has been elevated at intervals during the Tertiary 
period, but pliy.siographically h.a.s not been closely studied. 

About fourteen milr.s north-east from Mansfield in north-rontial Vi< toria and 
about three miles from Tulmie, in the Tolmie Highlands, there occurs a volcanic 
hill, known locally as Ciallow.s Hill, which has recently been sliown to consist of a 
volcanic centre of probably late Tertiary age and to consist of lava-flow.s of 
nepheliiie phonolito. From a locality near Barwite, east of Mansfield, another 
nepheline phonolite has been found, but it.s field relations are at present uncer- 
tain and no account of either of the.se rocks has yet been puhlL^lied. Fenner f-i) 
has recently shown that block elevation and depre.ssion have affected the Man.s- 
field area in recent gtHilugical times, and that Callous Hill lie.s near one of the 
fault scarps. 

The best-known area of alkali rock.s in Victoria i!» the Mount Macedon district, 
about forty miles north-west of Melbourne (5). The scrie.s is of mid Tertiary 
to late-Tertiary age, and the rock .sequence from below u|)\Nards, while not always 
demonstrable, appears to be as follows Annrthoclase trachyte, solvsbergite, 
anorthoclase basalt, macedonite, woodendite, anortho('la.se-olivine-trachyto, 
olivjne-anorthocla.se- trachyte, limburgite. Immediately succeeding these alkali 
rocks come lava-flows of normal basalt and of ande.sitio basalt. The new' types 
macedonite and woodejidite contain over 1 per cent, of and are related to 

^ij^he orthoclase-basalts and to the mugearites. 

While this part of Victoria show’s evidence by the existence of more than one 
elevated peneplain of successive movements of the plateau type, no dofinito 
evidence of faulting or differential movement has been recognised in the district. 
In the western district of Victoria more or. less extensive java-flow's of anortho- 
clase-trachyte occur near Coleraine, Carapook, &c, (6). Generally the trachytes 
appear to be older than the newer basalts, but near Coleraine a dyke of trachyte 
penetrates a small hill composed of a basic rock resembling olivine -basalt, while 
at the Hummocks north of Casterlon another trachyte dyke similarly penetrates 
' A'^ent or small flow of olivine-basalt. Among the ejected blocks from the 
earlier members of the Pleistocene newer basalts of Lake Bullenmerri, near 
, Camperdown, are some consisting of essexite and containing analcitc. In the 
w'estern district of Victoria clear evidence of comparatively recent elevatory 
movements is noticeable. No definite faults have yet been proved, however, 
and \he normal basalts are much more widely spread than the alkali rocks. In 
view of Harker’s generalisation as to the close correspondence between the occur- 
rence of alkali, rocks and elevatory movements of the plateau type, generally 
accompanied .byf^anlting, the above ^reference to eai^h movements is j^inent. 
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; Practically no folding movcmenlii are known among the Tertiary rockft of 
Victoria, while plateau movements, generally of elevation, sometimes of depres- 
sion and accompanied by faulting, are widespread. Near Omeo and Mansfield, 
where faulting has been demonstrated or interred, the highly alkaline types of 
nephelinc-phonolite are developed, but the widespread plateau movements ^in 
Victoria are more specially associated with the occurrence of the normal basalts* 
The alkali trachytes and allied rocks are intercalated between an older and a 
newer basalt series, are developed only sporadically at certain centres, and as at 
Macedon ore clo 8 el 3 r associated in the field with the newer basalts as rocks 
slightly greater antiquity but belonging to the same volcanic period* 

' (ij^ Howitt, a. W. *Rep. Min. Dept. Viet.,* September 1890. * Rep. Min. 
^ Dept. Viet.,* March 1890. ‘Trans. R. Soc. Viet.,* vol. xx. 1884. 

(2) Skeats, Pi. W. Aust. Assoc, for Adv. of Science. Presidential Address 

to Section C, Brisbane, 1909. Aust. Assoc, for Adv. of Science, Sydney, 

1911. 

(3) OniFFiTH Tayloh, T. * Com. Bureau of Meteorology,* Bulletin No. 8, 

1911. 

(4) Fkxner, C. ‘Proc. Roy. Sop. of Virt.,* vol. xxv. N.S.. 1913. 

(5) Orf.oory. J. W. * Prop. Roy. Soo. of Virt.,* vn]. xxv. N.S., 1901. 

Skeat.s, E. \Y., and Summkr.s, IT. S. ‘ Oeol. Surv. of Viet.’ Bulletin 

No. 21, 1912. 

(G) Summers, H. S. Au.ct. Asfioc. for Adv. of Seienco. Sydney. 1911. 

Dennaxt, J. Aust. Assoc, for Adv. of Scien'^e, Adelaido, 1893. 

Ifncn, E. ‘Prop. Roy. Sop. Viet./ vol. .xii, X.S., 1899. 


6. 0// fhe Orhfui and UrhiUnnship of the Vivloria)! Kninn:oie Alhili 
liocl's. Ihj If. S. SnfMERS, T>.Si\ 

Alkali rocks of*Kainozoie age occur in Victoria in the Macedon Distint, near 
Ooleraine and Carapook in the Western District, and in tlie neighbourhood of 
Oineo and Mansfield in North-Eastern Victoria. Ejected blocks from the vol- 
canoe.s near Oaniperdown have been de.scribed a.<; es.sexite, and a .similar type, 
jilso probably ejected, has been found near Kyneton. With the exception of 
the occurrences of Omeo and MHn.sfield all the.se alkali rixk.'? are closely associated 
with the Upper Kainozoic calcic basalts, and the field relations are such that 
there i.s little doubt that the alkali ro(ks and the basalts are genetically related. 

Numerous analyses (mainly unpublished) have been made of Victorian basalts, 
and these show that they are fairly normal in conipositio?i, and con.sequently 
.sh«)iild belong to Harker's Calcic or Pacific Branch of Igneous rocks, whereas the 
solv.'sbcrgites, trachytes, A’c., of Macedon, the phonolifes of Omeo and_ Mansfield, 
the. essexites ( ?) of Camperdown and Kyneton, and Uie trachytes and anortho- 
clase-basalts of the Coleraine area must be placed in the Alkali or Atlantic 
Branch. 

It follow.s then that the evidence of tlic Victorian Kainozoic rocks does not 
.support Harker’s general wation on Petrographic Regions. 

A number of first- class analyses has been made of the principal types of the 
Macedon series, and variation diagrams based on these analyses have been drawn. 
(See ‘ Bulletin of the Oeol. Survey of Victoria/ No. 24, 1912, and ‘ Proceedings 
of the Royal Society of Victoria/ vol. xxvi. (N.S.), pt. ii. 1914.) 

It was found that by re-calculating the analyses to 100 per cent, with the 
water omitted and the ferric oxide reduced to ferrous, the curves obtained were 
better tlian those plotted from the original analyses. 

Certain of the analyses did not conform to the curves, and at first these were 
regarded as representing hybrid types, but additional work showed that they 
represented complementary types and resulted from the splitting up of a magma 
instead of the mixing of magmas. 

Some analyses have been made of the alkali rocks from other Victorian areas, 
but not a sufficient number to show the relationship of the various types to one 
another. " 
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from the calcic basalts by differentiation, giving rise to several lesser magma 
. reservoirs. 

, In the case of the Maccdon ningma further diltereniiation took place and a 
airies of lavas was extruded which in general showed a serial relationship, hut 
some complementary to one another. 


rf. TUESDAY, AUOUfiT IB. 

The following Papers were read : — 

1. The Permian Dret cia nf fhe Midland Counliefi of Britain, a Desert 
Formation, By H. T. FKRnAR, M.A,, F.G.SA 

During the meeting of tho Association at Birmingham last year members of 
this Section had an ample opportunity for visiting the chief exposures of tho 
so-called Permian breccia of the midland counties of England. This deposit may 
be briefly described as a mass of sandstones and marls with occasional sheets of 
angular "breccia, the latter consisting in a large measure of volcanic rocks, grits, 
slates, and limestone.s which ran he identified with rocks on the borders of 
Wales. The organic remains which have been recorded are few, but such as 
occur are indicative chiefly of terrestrial surfaces. 

The origin of the breccia has given rise to many speculations, amongst which 
may ba mentioned 

(1) Murchison (1830) regarded it as a volcanic or trappoid breccia marking 
the position of underground masse.s of volcanic rocks hidden under a cover of ' 
their own fragments. 

(2) Ramsay (1855) ascribed its origin to the existence of glacial conditions in 
Permian times. 

(3) Geikie (1892) say.s 'ivith regard to Scotland that the breccia has evidently 
accnmiilatecl in small lakes or narrow fiords during periods of great and rapid 
denudation following uplift of the T'pper Carboniferous rocks. 

(1) Bonney (1902) concludes that ]»ro< cias are usually indicative of continental 
conditions, but that glarier.<i arc necessary for the transport of the larger boulders. 

(5) Lapworth (1912) hold.s that theyarc the nieniorials of local Alpine 
conditions. 

Tn Egypt a chain of fold-monntains forms tho watershed hotucen the Nile and 
the Red Sea, and the mountains are inter.sected and drained hy steep-sided 
gorges or wadi.s. The climate i.s arid with occa.siunal heavy thunderstorms 
causing temporary torrents, which sweep forward all rock -material loosened during 
the prevailing dry climate. The wadi beds receive continuously a fresh supi)ly 
of angular debris shed from the adjacent bare hillsides, and any fragments 
which may have become rounded or subangular are often shattered before the 
; next Hood sweeps them forward another stage on their journey touards a more 
permanent resting-place, namely, the alluvial plain at the w’adi-month. Blocks 
slipping down the bare hillsides become .scratched or they may be scratched by 
mutual impact during a sudden rush of flood- water. Great blocks are often ' 
carried fifty or one hundred miles down the wadi channels, and the agency of 
ice need not be invoked to explain their transport. 

The valley-fill of most wadis in the Eastern Desert of E^pt is an uncon- 
solidated breccia so similar to the breccia exposed on Ley Hill, near Birming- 
h&m, that there is little room for doubt that the two originated under similar 
^imatic conditions 

id' - , 

ew . . ' ^ 

’ce oRy permi^Si^;. M the Director-Oweri^, Egyptian Sn^yey Depiirtinent, 
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2 . Note on the Occurrence of Loess-deposits in Egypt and its Bearing 
on Change of Climate in recent Geological Times.^ By H. T. 
Ferbab, M.A., I'.G.S. 


M At a recent meeting of the Association Dr. Hume and Mr. Craig submitted 
tne view that there had been no change, except that of gradual desiccation^ in 
recent geological times in Egypt. Since their paper was published, evidence 
that the change of climate has not been uniform has been recorded from neigh- 
bouring countries. ' The following short paper is intended to show how aeolian 
dcsertic deposits may be interstratified between freshwater beds without any 
change of climate. 

In the northern delta of Egypt are great stretches of flat land a few feet 
above sca-lcvel. These areas arc covered by ordinary Nile alluvium and 
remain damp during the winter months but dry in summer. Owing to the 
evaporation which takes place during the spring and early summer, soluble salts 
accumulate at or near the surface of the soil rendering it incoherent and 
powdery. Winds are now able to lift and transport this material until it is 
arrested by the roots of halophyte plants or other obstacles. Here also arc 
deposited the dead shells of helices, and occasionally also the remains of land 
animals, such as the jackal, rat, bird, lizard, or snake, which have been seen 
frequenting dust-dune areas. In fact, the dust dunes of northern Egypt, known 
*as Kardud to the inhabitants, are local deposits of Loess. 

A depression of the land of only a few feet, and such as that which has 
taken place since Homan times in Egypt, would cause another fluviatilc layer 
containing the common shell Cyrt^na jlumhialis or a lacustrine bod to be 
superimposed upon them. It is thus manifest that a dcsertic deposit inter- 
stratified between two freshwater beds is not necessarily a proof of change of 
climate. 


3 . Discuaaion on the VliysiotjraplLjj of Arid Lands. 

Introduction, By Professor Sir T. If. Holland, li.O.LE., V.Sc.^ 

F.R.S. 

The principal defect in published accounts of the physiography of arid lands 
is duo to the absence of data showing the amount as well as the kind of 
physical changes in progress. This deficiency is to be expected. Few qualified 
observers are able to study arid lands for long continuous periods ; such regions 
are thinly populated, and, from an economic point of view, their problems are 
of relatively small importance, ft is not surprising, therefore, thaL while 
wc have abundant illustrations — pictorial and literary — regarding the nature of 
geological phenomena in the desert, w^e are only to a limited extent able to 
suhstantiate by trustworthy figures our general conclusions regarding the rates 
of destruction, transportation, and reproduction of desert formations. 

The investigation made during the years lOOS-OS of the salt resources of the 
Rajputana desert was undertaken on behalf of the Government of India w'ith 
a definite economic object in view, and the opportunity waa turned to account 
to make a quantitative test of one phase of desert phenomeua—namely, the 
teolian transportation of salt in the form of fine dust.® 

There are several intermittent saline lakes lying in depressions on the sand- 
covered highlands of Hajputana. Tn one case- -namely, the Sambhar Lake — the 
underlying silt, tested to a depth of twelve feet over an area of 68 square miles, 
was found to contain some fifty-five million tons of sodium chloride. The 
quantities of salt so stored are altogether in excess of the amount that could be 
accumulated by normal fresh-water rivers acting within any reasonable geological 
period under present physiographic conditions. There are no rock-salt deposits 
known within the legion under consideration, and the underlying rocks are 
Archcean gneisses and schists covered with a tliin mantle of sand. 

^ By permission of the Director-General of the Egyptian Survey Department. 

* For details see T. H. Holland : successive Annual Reports of the Geo- 
f published in JBecorda G.8J. during 1904*09. 
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The discovery of small undamaged foraminifera in the desert sands of 
Barmer and Bikaner by Mr. T. H. D. La Touche * gave the first clue to thoorigiu 
of this salt, for such foraminifera must have reached the heart of the desert 
1i>y wind transportation over a distance of some five hundred miles from the 
coast of €utch. Consideration of the meteorological conditions of the area 
increased the plausibility of this suggestion; for during the hut dry scasoff» 
from April to June, strong winds blow from the south-west, sometimes with the 
force of gales, especially during the day-time, when, under a scorching sun, 
the salt is absolutely dry and easily powdered. The Kami of Cutch during the 
hot dry season partly dries up and becomes covered with a thin incrustation 
of salt, so that every traveller— man or beast — crushes tlie hopper-shaped 
skeleton crystals of sodium chloride, forming puffs of fine saline dust, which 
are wafted away by the strong winds to the north east and towards the desert 
region of Rajputana. During the hot dry season these winds maintain a con- 
stant direction ; they arc strong during the day, moderating to a comparative 
calm at nights, but there is never a set-back, and they are followed every year 
by the rainy season, which commences about the middle of June. 

These winds are specially strong near the coast, hut they diminish in force 
in the central part of the desert region, and there their load of saline dust 
becomes deposited over the surface of tlie sand, being washed in solution into 
convenient hollows during the rainy season, thus forming small lakes, whirl' 
become rapidly reduced to bodies of concentrated brine during the next follow- 
ing dry cold weather. 

During the cold weather which follows the rainy seiuson the atmosphere is 
dry, and winds blow generally from the north and north-east. These winds 
are, however, comparatively feeble, and in any case are unable to carry an 
appreciable quantity of salt back to the bouth-west. as the salt is by then 
accumulated in the lakes, which arc seldom completely dry before the com- 
mencement of the next following hot weather, w'heii the recurring south-west 
winds bring in another load of salt-dust. 

By the elimination of all other possible sources of the salt in the lakes of 
the Rajputaiia highlands, and by consideration of the meteorological conditions, 
a satisfactory theory thus became established to account qualitatively for the 
origin of the salt. It then became neces.sary to chock the theory by a quanti- 
tative test, and this onerous task was undertaken by Dr. W. A. K. Christie, 
with the assistance of M. Vinayak llao, of the Geological Survey of India, 
during the hot weather of 19f)H. After some months of preliminary experiments 
with artificial winds ascertain the best method of collecting sample.s and of 
determining the limits of experimental error, a laboratory wa.s built in the 
fle.sert, where anemometer records, temperaiurc.s, and haromctic iiressurcs wcmc 
taken at regular and frequent intervals, while samples of the wind were 
collected at different, elevations and analysed. As a re.sult of tlii.s work, it wa.s 
found that during four months of the hot dry .season of lUtW the amount of 
wind-borne salt r»asHiiig a front 300 kiloinetre.s broad and UX) metres higli inubt 
have been something of the order of 130,000 tons. As the meteorological 
records showed that the hot weather of 1908 was a season of unusually w^eak 
winds, the figure obtained is probably well below the annual average influx of 
salt-dust. 

Although the results can thus be stated in figures, they refer to one year 
only, and are, in a sense, still only of qualitative value. There is no doubt, 
however, that they establish beyond reasonable doubt the theory which had 
been formulated on wider considerations, both negative and positive, as to the 
origin of the enormous quantities of salt now accumulated in the Hajputana 
desert. 

It is necessary, naturally, to exercise caution in extending this theory to 
other desert regions, some of which are, nevertheless, areas of wind inflow 
during hot dry seasons. It is also significant that rock-salt deposits are 
frequently associated with formations that can best be accounted for as due to 
desert conditions, although such phenomena would be characteristic also of 

‘ Menu Gcol, Surv, Ind,, vol. xxxv., p. 42, 1902. 



, TRANSACTIONS OF SECTION C.f; 365 

areas where, as in the case of the Kara Boghaz of the Caspian, arms of the 
sea are partly cut off and subjected to desiccation. 

Although it is dangerous to generalise from this single instance of Bajputana, 
in spite of its striking and conclusive character, the observations made in that 
region are quoted as an iiistAnce of an attempt to check by definite quantitative 
teats general mental impressions of geological dynamics in desert regions. The 
object of this communication is mainly to urge the further institution, where 
piacticaJblc, of such tests of current theories regarding the physiographic 
plionomena of arid lands. 

Professor W. Af. Davis : My interest in the subject proposed for our discus- 
sion comes from an endeavour to systematise the study of land forms, so that 
a woll-trained explorer shall be aided in making accurate and complete observa- 
tions of the ground, and in preparing afterwards for readers as expert as 
l>imself a complete and intelligible record of his observations. It would bo 
comparatively easy to reduce such a description to simpler or shorter form for 
more elementary or more popular use; but it would be impossible to expand 
a short oleniontary account intended for beginners, or a popular account 
intended for general readers, into a detailed monograph intended for experts. 
'J’he advancement of goographical science wrill therefore be best promoted by 
striving to develop a mature thoroughgoing method for the observation and 
description of all kinds of land forms, including those of de.sert.s. 

Much assistance has been given to the study of land forms in general by 
working out tlieir evolution as dependent (1) on their structure, (2) on the 
(‘rosional proce.ss that work.s upon them, and (.3) on the stages which the forms 
priMliiced by the work of proce.ss on structure pass through, from the initial 
stage introduced by the movement of a land mass into a new attitude, tf> the 
ultimate stage when the process concerned has done all its work. 

If we classify what has already been accomplished in this direction with 
rospe(‘fc to tho erosional processes involved, it appears that the theoretical' 
sequence of changes determined by the action of ordinary or normal processes 
on various structures has been worked out with encouraging success, and 
verified by confrontation with many examples of actual forms. The explana- 
tory method of describing land forms, baaed on this theoretical sequence, is 
now employed by a number of geographers. The same is true of marine, erosional 
proce.saes and of .sohitioiml proces.ses. It is less true of glacial proces.ses, though 
much good progress has been made in that division of the general subject. 

With regard to arid processes, theory has outstripped observation ; hence tlie 
observational study of de.sert.s is much to be desired as a means of testing, 
correcting, and extending the theory of arid erosion. The difficulty with the 
descriptions of desert forms hitherto published is that they are so largely 
em{)ii'i(‘al and so incomplete that it is impossible to translate them into the 
phrases of rational or explanatory physiography. Hence what \ve now need 
is, the exploration of deserts by trained students, well informed regarding 
modern physiographic theories. 

Let me illustrate this by a special case. The theory of the evolution of desert 
forms includes a stage in which a lower basin is about to capture the centripetal 
wash of a neighbouring higher basin ; and another stage in which such a capture 
has recently taken place. The significant characteristics of each of these two 
stages, as well as of many earlier and later stages, have been defined with 
sufficient detail to make their recognition easy, provided that the observer is 
familiar with them ; but it would be as unlikely that an observer untrained in 
physiography would see and describe the essential features of these stages of 
desert forms as that an observer untrained in botany would see and describe 
the essential features of plant forms. If one looks through various accounts of 
desert exploration, it is usually impossible to determine w'hether actual 
examples of imminent or of recent basin captures — or of any other special 
features of desert evolution — actually occur. 

The most helpful suggestion that I can offer in this connection is that the 
effort should be made to refer every element of desert topography first to 
its proper place with respect to the surrounding contemporary elements in the 
general working of the processes of desert erosion, and, second, to its proper 
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^ :mhkn tiKei elements of a desert landscape are tlins seen to be related to many 
Mher elements, all systematically disposed in time and place, tbeir observation 
ind their description are greatly facilitated. 

The equipment of an explorer of deserts with a good knowledge of the 
theory of desert evolution is therefore, as I see it, about as important as his 
equipment with good horses or camels, if it be desired that he should come 
t>ack from his work with a critical record of what ho has seen. , 

Professor J. \V. Gregory remarked that thongh Scott and R. L. Stevens*)!! 
used the term desert in its old sense for any uninhabited land, at present the 
. word is restricted to lands uninhabited owing to their arid climate. No 
i numerical limit of desert can be given; and, as Walther has stated, desert ran- 
not be absolutely defined on biological, morphological, or climatic grounds. The 
5iV cause of desert is not only climatic; geological and geographical structure are 
. botli also influential; countries of permeable or friable rocks, and existing as a 
flaleau with an easy drainage to the adjacent lowlands, are easily rendered 
desert. The climatic influence depends more on the complex conditions which 
' govern the utilisation of the rain and not on its total amomit. Proximity to the 
sea is consistent with the development of desert conditions. 

Desert is often more easily utilised than at first appears possible; since the 
soils often contain such ri*'h accumulations of plant foods Ih it the land is ve. y 
fertile when watered. Australian soils often need the addition of phosphate, 
siiu^e they contain le-^is pho.sphorns than the amount held hv some authorities to 
l)e neces.'sary for profitable cultivation. 

He thought that tlie only explanation of t))e low phosphorus roMt<*nl in 
Australian soils and the absence of the usual enrichment of phosphorus in the . 
soil compared with the .subsoil is that proposed by Professor Cherry, who 
attributes these facts to the rarity of mammals in Australia. In some ca8e.s in 
Australia the poverty of phosphate has been more influential than the aridity 
in developing desert conditions. 

Professor A. Pexck t Deserts are regions of the globe which are not only dry 
but are characterised also by the want of vegetation. Taking such a definition, 
Australia has only very few de.?erts; mo.sb of what is called Australian desert, 
indeed, has .scrub, even timber. The .surface forms of the de.serts are more 
clo.sely controlled by water than by wind. The latter heap.s up the dunes, but 
its erosive action is" rather irusignificant in comparison with waterwork exercised 
after rare, local rain-.showers. Besides this, the surface of many parts of our 
deserts ha.s been shaped by water before the desert conditions came in. But 
there are deserts which have been deserts for a very long period. Tliere has 
been since the end of the Tertiary period a repeated shifting of the climatic 
, belts of the earth, which can be observed especially at the equatorial and polar 
border of the desert belts, but from the central parts the belt was not shifted 
' ' away. 

Mr. Griffith Taylor ; The arid region which I know best is situated in 
78® South latitude, but T propose also to discuss the central arid region in 
Australia. 

V y In Antarctica are many features w’hich closely resemble those described from 
' ) ‘ the desert. Angular breccias are being formed abundantly along the facets of 
all the glacier valleys in 78^ S. Dreikanter are numerous. Strim are almost 
‘ ' absent over miles and miles of moraine. The difficulty of determining the 
' origin of such deposits in fossil condition is obvious. 

. ■ Professor Gregory has ahvays taken an optimistic view of our own arid 

region, perhaps I am less sanguine. It behoves us thoroughly to realise the great- 
.. ; ness of the problem seeing that approximately one million square miles has less 
; than 10 inches of rainfall. Our visitors who have just seen the region in Western 
\ Australia have only penetrated the southern fringe. Moreover, 10 inches of rain 
in the south mean infinitely more than in the north where evaporation is so 



(totermine if there be a distinct difference such as Goyder demunstrated in so 
masterly a manner as a safe wheat line (near 13 inches) in South Australia. Only 
by such necessary research can we really gain adequate knowledge of the 
potentialities of Australia. 

Mr. E. J, Andrews ; The observations of the writer in lands of sub-arid, or 
arid, character have been made only in Eastern Australia and in Arizona, 
Nevada, and California in the United States. In these regions the surface 
forms testify to the dominating influence of stream action and to the utterly 
subordinate action of the wind in sculpturing the lands. To appreciate the 
part taken in the actual sculpture of desert lands by wind action alone, it is 
necessary to recognise the fact that ordinary water streams produce peculiar 
forms, and that these forms arc not the result of tlie stream activity during 
normal periods, but only during periods of great floods acting perhaps once in 
a decade, buch forms, however, are continuously mistaken for those due to 
vriud action, by various observers, and from interpretations such as these the 
action of the wind as an eroding agent is magnified unduly. 

The thalwegs of the Australian and American valleys commence in wcll- 
niarkcd divides, and their slopes thenco decrease continuously towards base- 
level. Tributary thalwegs also enter the main valleys at accordant slopes. 
The bases of these valleys are occupied by pebbles and boulders, while these 
again are covered with deposits of clay and sand. Moreover, certain plants 
characteristic of fairly humid conditions elsewhere occur sporadically in oases 
in Eastern Australia within sub-arid regions, and this evidence taken as a 
whole indicates a very recent decTcasc in the amount of precipitation in drier 
Eastern Australia, bucli action has only slightly modified the general appear- 
ance of the land forms developed in a previous cycle, save for killing off much of 
the vegetation of that previous cycle. 

Mr. A. L. Uu Ton’ referred to the dry region of German fSouth-West Africa 
and the Kalahari. In the coastal sandy wastes, though wind etching is conspicu- 
ous, no hollows due to the action of the wind are to be found. Inland, hollows 
called * pans,’ often saline and usually periodically filled, occur sunk below the 
general surface, and must have been produced by wind erosion. All kinds of 
pans, from ‘ living * to * fossil,* can be iouiid, just as in the case of the sand 
dunes. 

Mr. A. T. Kemo.v : The general trend of the speakers remarks showed that 
desert or rather arid ticcurrenees were distinctly local, and no generalisation 
could now be made. The areii in Victoria which might be calhid arid was only 
so oil account of its rainfall, wliich averaged about It inches. Its vege- 
tation was abundant. No definition of desert had yet been made which was 
really applicable to it. 

Tho reference to Goyder’s rainfall line, which was undoubtedly fixed by the 
occurrences of salsolaccous vegetation, needed some comment. Salt bushes grow 
on soils suitable to their demands, and rainfall avus only a small factoi*. The 
southern limits of UetcrodenihoH olaifoliiim, which agreed with the line of 
distinct change from the JJulokc or hybrid type of Ddar to its typical form, 
was a more reliable guide; but profitable agriculture had long i)asaed even that 
limit. 

In regard to Victorian Malleo saline occurrences, these undoubtedly were 
confined to the lowest trough of a syncliuorium, and were the exposed surfaces 
of underground sheets of salt water. This has been proved by a number of 
bores. They were^^also accompanied bv beds or mounds of gypsum or copi as 
locally named, and lime carbonate. The artesian waters of the underlying 
marine beds held the same salts in similar proportions. 

In general, lakes or swamps, the terminals of water-courses, were fresh, 
as wore also the swamps or lakes corresponding with Dr. Du Toit’s pans, and 
.dependent upon local catchment only for their water supply. 

In regard to sand ridges these scolian drifts occur all over Victoria in the 
western and north-easteni portions, which are the most fertile parts of the 
State. In the Mallee the size and arrangement of the ridges seem to her 
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particularly influenced by the character of the soil. In the better parts of the 
Mallee, with stiff clayey soil, they arc with difficulty describable. In the more 
sandy and medium agricultural soils they had a marked parallclisnj and were 
of moderate size, but in the sand-hill and heath country (locally known as 
desert) this p;irallelism was of a general character only, and the sand-hills or 
ridges were known as ‘jumble.* Some of these hills were as much as two 
hundred feet in heigiit above the surrounding surface. None could be described 
as ‘ dune morte,’ neither was it at all evident that they were fixed or fossil dunes, 
the more likely theory being tliat they were still being formed by action of 
single sand-grain movements. Owing to the weather being a succession of 
cyclones thero was no prevailing direction of wind, though the westerly course 
of these depressions might be taken as generally guverning the main sweep of 
the winds. Taking this us a general direction tlie ridges run with it and not 
at rigiit angle.s. 

Tlio east winds .seldom occur, but frequently are of great force; they iie\er 
shift any .‘‘und. All other winds, purtieularly the north-west, west, and south- 
west winds, .^liift .<aiid, Init only in places where man has removed the natural 
protCLtion of herbage cither by clearing or cultivation or by fires occurring in 
times of drought. None of the sand shifted is air-borne, but is rolled along the 
surface of the ground. At Wirrengren IMain, the termination of the outlet 
creek or the final flow of the Wimmera River, there weie in the drought of 
19i>‘2 after a bush-flre had swept over the sand-hills on the west some 5lX),(K)t) tXH.) 
cubic yards of sand, or at the rate of 50,(XX),<Kit) per mile in length drifted on 
to the plains. In the succeeding year, one of good ruinf.ill, tli« herbage again 
li.xed the .Miul-hills, while the sand on tho plain gradually drifted ca.stwards 
until tour years ago the plain was again in its original condition. Similarly 
tho outlet creek itself in its course of fifty miles through white saiuMnirs 
retained its original section; the sand blown in at certain exceptional seasons 
gradually' drifting out to the cast. 

Supplementing Professor Gregory’s remarks on the phosphoric acid contents 
of Victorian .‘mil, it should be pointed out tliat the Mullec soil contained only 
about twenty parts per l(y),()00 or one-half of the average Victorian soil. This 
refeis to the agricultural part of the Malice, whereas in the sand-hill and heath 
country tho amount of phosphoric acid was hardly ascertainable by chemical 
methods, and it was practically non-existent. 

'Ihe methods of farming which led to the successful occupation of all tins 
country originated in South Australia over forty years ago, where tho recently 
christened ‘dry farming’ had resulted in the prosperous ami productive settle- 
ment of land with under 10 inches annual rainfall. The cost of production of 
wheat w'as under I?. Qd. per bualiel, and there w'ere at least a hundred million 
acres suitable for its cultivation. 

l)r. W. F. Hume : The charactens of an arid land cannot be separated from 
its past history, and in Egypt five physiographic features of first importance 
have to be considered. These are ; — 

1. A belt of deep depressions in the extreme west, the famous Oases. 

2. The broad waterless expanse of the Western or Libyan Desert, to the 
west of the Nile, and the corresponding limestone plateau region (the Muuza 
Limestone Plateau) to the east of tho river. 

3. The Nile Valley with its Delta. 

4. The Wilderness of the Red Sea Hills and Sinai with its rugged mountains 
and tortuou.s valleys. 

5. Tho Red Sea and its narrow prolongations, tlic Gulfs of Suez and Akaba, 
together w’ith tho coastal plains. 

Each of these divisions requires separate treatment. Tho paper gives a rapid 
sketch of the geological history of Egypt as known to us at present, the formation 
of the ancient core of Pre-Cambrian or Palieozoio sediments, volcanic rocks with 
invasion by granitic magmas, the brief Carboniferous marine advance, and later 
the much more important Jurassic-Cretaceous transgression, which practically 
affected almost the whole of Egypt, giving rise to the Nubian Sandstone and 
the important phosphate bearing Cretaceous series. The Eocene strata which 
form^he major portion of Central Egypt are probably formed, at tho base, of 
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rc-made Cretaceous material, and only in their upper portions show marked 
evidence that the underlying sandstones aqd igneous rocks are undergoing 
erosion. 

The re-arrangiijg of Cretaceous strata eroded during Eocene times is regarded 
by the writer as explaining the great difficulty experienced in drawing a litho- 
logical line of unconformity between the beds of these respective periods, though 
the faunal differences indicate the great break between them. 

Fringing the prc Eocene and Eocene areas of Egypt are a series of Miocene 
and more recent formations which are of great interest both from tectonic and 
economic points of view. 

In considering the separate i)hy8iographic features it is pointed out : — 


(A) Tn the formation of the Oases it is necessary to consider the denudation 
of the area by marine erosion while rising from the sea and the e(fe< t.s of former 
more humid climatic conditions. Where the Nubian Sandstone or other soft beds 
have been exposed, as Bcadnell has pointed out, the Oases depression without 
outlet is produced by wearing through wind-blown sand. 

(B) The Great Blaiiis of the Libyan Desert arc regions of lo\v dip, of meagre 
rainfall, and thus wind is the dominant factor. A sandy region to the north 
siii)plies the sand necPs.sHry for erosion. The character of the desert surface 
depends on the nature of tJic geological strata present. The undulating gravel 
plateaux, or tirrir, the liiiicstoiic expanse, the ‘ melon * country, and the fossil 
doors arc v.irious forms in which the desert presents itself, the main feature 
being the remo\.il of all particles capable of being transported bv wind. These 
arc deposited as sand falls in the wind shadows of the Nile v^dlcy scarp or 
other dcprcs.‘«ions. The sand-dunes which arc locally developed arc in sharji 
eontra.st to the main de.sert, tlic.se probably depending on three main faUors, 
the cxistem*e of sandy deposits, deteriiiiiiiiig their sounc of origin, the usual 
dirretioii of the wind their trend, and the relief of the ground their po.sition. 

The Maaza Liniostonc Region is siiudar to the Lilnaii Desert, but has a 
greater rainfall. It thus presents a fine example of the effects vvheii rain acts 
during short periods on rock surfaces affected by temperature vaiiations. Deep 
ravine.^, remarkable water-holes, triveriKs, natural bridges, and surface coloration 
films due to the iritkling down of ferruginous solutions over cliff walls arc 
among the prevailing features in the southern pait of this urea. 

(C) The present course of the Nile Valley appears to depend on three lactois : 
{n) The formation of the syncliiie, the axis of which it partly follows ; {h) the 
erosion of the softer strata along their outcrops determining the j)resent north- 
south trend of the major courses of the river; and (0 the possible efTc<t of ibe 
rotation of the earth (Van Baer’s law), the stream lending to hug its eastern 
bank. Attention is called to the region of exceptional erosion where heavy 
masses of Eoreiio limestone rest on and have slipped over the subjacent soft 
Cretaceous marls and slates. Tiicse slips must have been coiinccted with greater 
rainfall and earth-movement as widespread terraces extend in front of the main 
cliff and rise to some 110 niHres above the present river level. The triple 
terracing of the Nile is briefly considered. 

(D) The Mounfain Region of the Eastern Desert is essentially an anticlinal 
area, where tension is in excess of compression. The differential movements 
aVe considerable, minor folds play a conspicuous part, and great fractures deter- 
mine earth- features of considerable magnitude. The result is that the masses 
of granite and melaniorphic rocks hidden beneath the surface in Central Egypt 
are here exposed by denudation, forming the Red Sea Hills and Sinai 
mountains. 


The different geological formations give rise to very varied surface features. 
Attention is called to the importance of rain as a sculpturing agent. The soft 
Nubian sandstone is easily eroded both by wind-borne sand and by water, giving 
rise to conspicuous depressions. In the granitic areas temperature variation 
breaks up the solid rock, huge domes are produced by flaking off of concentric 
shells. Dykes give rise to marked differences in surface outline, the harder 
quartz-porphyries determining the form and general trend of many of the 
mountain summits, while the softer diabases, being easily eroded, give rise to 
gullies seaming the precipitous -sides of the granitic hills. The general character 
of the country where schists and yolcaaic rocks are present is also descriVed. 
1914 ., . ... B B 
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(B) III the Gulf of JSuez area another factor has come into play. Here sea- 
;.'oriiis project far inland between lagd aurfaces subject to desert conditions, and 
3 their waters become c^ires of far-reaching chemical activity. Thus coral reefs 
are changed to dolomites, sea shells of carbonate of lime to gypsum^ hydro- 
. carbons are in quantities of economic importance, and minemlised areas of* lead 
»«ul y/uw ove», ot mvxuv;v\\\«^« \ro\\ wwA ot v.\\\\A\\\t axe \>YeV‘e\\\i 

in the young lertiary beds whicli l\\\ these lied ISca depressions. From iSue'/. 
to beyond Halaib, that is, throughout the lengtii of Kgypt, gypsum forms u 
conspicuous fringe between the ancient liiiis and the sea, generaiiy dipping 
gently seaward on the borders of the Red Sea itself. Further north, in the 
Gulf of Suez area, the conditions are more complicated. Dynpir, or piercing 
folds such as liave been described by Professor Mmzec in Ruinaiiia, arc of 
common occurrence, and there is remarkable interplay between the hard and 
soft members of the folded series. * ^ 

The surface structure of an arid land is not only llio direct reilex of its 
geological structure, but also of former climatic change*. Many factors in lilgypt 
point to great rainfall in the past, such as gravels of igneous material in the 
Nile Valley far from their source of origin, masses of travertine in the Oases, 
the varying terraces of the Nile Valley itself, the evidence of expansive lakes 
at Kom Ombo, &c. 

Though the main features of a desert land depend on the geological structure 
and in part on past climatic conditions, there are ( haraoteristics which are typical 
of all arid regions. Those are far removed from the great marine areas and 
from the zone of rainfall dependent upon solar attiviU in land.s beticalli the 
tropics. 

These typical desert features have already been referred to, and include - 

1. The sweeping yf all fine material fi-om the surfaces of the plains by the 
action of the wind, and formation of plateau summits. 

2, Jnteii.'^o scouring of these suifacc.s by wiiid dri\en sand. 

IJ. The breakiiig uji of the mo.«t .*?olid rocks by temperature \ariation. 

k The formation of sand-dunes behind obstructions i»r where the relief n{ 
the ground favours their development. 

5. The formation of mushroom-shaped pillars, or standing out of harder 
materials on buses undercut by the sand. 

6. The formation of sand-worn pebblc.'t of tvpical angular outlines, the uell- 
kuown Dreikaute. 

7. Vermicular markings on liiriestoncs, due it may be to etching iluriiig the 
iiiovctTiPiit of evaporating saline solutions. 

y. Formation of dcsc-rt-criists by leaching out of the .M)luble materials con- 
tained in the rocks, with evaporation at the surface, resulting in deposition of 
the oxides of iron and manganese. Mr. Lucas, Director of the Survey Dcfpart 
mont Laboratory, has made a special study of these desert and river films, the 
latter probably only differing from desert one.s in degree. 

9. Flaking off of surfaces in the surface zone affected by temperature varia- 
tion. Also fracture due to the same caii.se. Fragments of porpliyry, limestone, 
*&c., are often split into a scries of parallel flakes standing vertically, their 
original connection to one another being clearly indicated by their close juxta 
position. 

In the half-desert where rain, Uiough brief, is intensely active while it 
lasts, a series of interesting phenomena are presented : deep caffon-like valleys, 

' boulder-strewn gullies, saw-back ridges, parallel-dyke country, salino marshetj, 
dry waterfalls or steep precipices in the valley-floors, and great talus-slopes. 

Mr. Ferb.vr, in reply to a question asked by Professor A. P. Coleman,, 
explained that the slope of the w'adis from the watershed towards tlie Nile was 
about 1 to 1,000 and towards the Red ISea 1 to 200 or t to 300, but that the 
elope was of little moment, owing to the sadden rush of storm-water from its 
gathering-ground on the bare monutaiii-sides. He had not actually observed 
‘ scratchiiigs on rocks because tliey had not been sought, but he had seen great 
heaps oi boulders in unstable equilibrium, which, if overbalanced, could not 
avoid l^ng mutually scratched. He was aware that ibe scratches oti some of 
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the blocks of the so-called Permian breccias were merely eroded veins or 
filaments of mineral which could be seen inside the rocks if they were broken - 
across, and that there was little similarity between the wadi-breccias of Egypt 
and the moraine -breccias of Antarctica. With regard to Mr. Du Toil’s remarks 
on salt-pans he agreed that dunes to leeward pointed to erosion and that there- 
ioTO we fihouXd expect to fvnd a great accnmnVaUotv of d\\v\es to \eeward oi tV\e 
Vigyptian Oases •. such accumulations are wanting. Professor Penck’s observa- 
tions on tlio poleward movements of deserts could be interpreted in two ways : 
either the in-druiight of air towurda tbo equator carried .sand from temperate 
zones on to the sub-desert areas, thus rendering them e.s.sentialJy deserts and 
causing a poleward migration of their edges; or, and this has an important 
bearing on the size of Polar ice-caps, our earthly boiler and condensers (the 
Tropica and the Poles) are losing in efficiency, and consequently both regions 
are becoming drier. The Wastwater Screes were a known example of breccias 
forming in a region whose climate is hardly desertic. 

Mr. Ferrar said he was well aware that the Nubian Sandstone was exposed 
in the fioors of the oases and that vast quantities of rock-material had been 
removed, nevertheless he still found himself in Professor Walther’s position of 
ton years ago, and, after seeing wind-driven sand tending to fill the oases- 
depressions and not excavate them, did not think the wind-erosion theory con- 
sistent nor a sufficient explanation of their origin. He holds the view that 
wind-erosiou tends to remove all rugosities and that the ultimate physiography 
of ail arid land surface is a smooth level plain. 

With regard to Sir Thomas Holland’s criticism as to quantitative results, 
Mr. Ferrar suggested that data, similar to that collected in Rajputana by the 
India n Oeologiral Survey, could bo obtained by measuring the quantity of sand 
brought in to the oases at their northern ends and the quantity carried out 
southwards. Any difference would show the rate of erosion or deposition, 
according to sign. 

Tn concluding his remarks Mr. Ferrar thanked his audience for tlieir interest 
in and their appreciation shown towards his papers. 

After remarks by D. ^1. S. Watson', the discussion closed. 


WJ^JDXJ^SDAr, AUGUST 19. 

The following Papers were read ; — 

1. On ihc. A{/e and^Scquence of the Tertiary Strata of South-Eastern 
Australia . . By Frederick Ch.\pman, A.L.S. 

Divisions of tlis Kainozoic. 

Tt is convenient to divide the Australian Tertiary system into four or five 
main series, using the local terms suggested by Hall and Pritchard. In ascend- 
ing order, these, according to the writer, are ; — 

1, Balcombian. 2, Janjukian. 3, Kalimnan. 4, Werrikooian. Above these 
comes the Pleistocene series, referred by many geologists elsewhere to a separate 
system, the Quaternary. 

These divisions, broadly speaking, correspond with : — 

1, Oligocene. 2, Miocene. 3, Lower Pliocene. 4, Upper Pliocene. 

The present writer maintains that, giving due allowance to time discrepancies 
in regard to the factor of distribution of life-forms over wide areas, guide fossils 
are probably as important in dividing and allocating these beds to the well-known 
horizons of the northern hemisphere as arc percentages of living forms in these 
fossil deposits. The percentage method can only be used with safety as an 
approximate guide to age, seeing the difficulty of obtaining an agreement amongst 
zoologists as to what constitutes a species. 

’rhe above series of European divisions correlated with the Australian 
corresponds almost exactly with McCoy’s original determinations, augmented by 






872 OF sbotion o;'; 

;/ bi^^vatioiis on faunas and stratigraphic relationship of the beds made hy the 
' riter daring twelve years* attention to this subject. 


Sequence of ihe Bede. 

With regard to the sequence, some Victorian authors hold the opinion that 
'•^tho Janjukiau series is older than the Balcombian; but the contusion seems to 
/ have arisen from the occurrence of a large number of persistent species, especially 
of mollusca, passing up from the argillaceous Balcombian into the Janjukian clay 
series. Where faunistic and stratigraphic relationships were both doubtful the 
.term Barwonian was suggested, which included both Balcombian and Janjukian. 
If, however, we regard the scope of the Janjukian in its broad sense as embracing 
' all phases of sedimentation, of one long time series, the term Barwonian js no 
' ' longer needed, its members being included in the term Janjukian. The sequence 
^ of the beds 1, 2, and 3 as given here has lately been established by the author 
‘ , from evidence obtained in cliff sections at Muddy Creek near Hamilton, and in 
the bores put down in the Mallee and at Sorrento. 

Other authors since McCoy agreed as to the present sequence, hut differed in 
regard to the age of the oldest beds, which they held to belong to the Kooenc, 
making the succeeding beds correspondingly older. 

Guide FosaUs. 

The various members of the Australian Kainozoio system have been referred 
by the writer to the horizons given above, chiefly through a study of the cetacean 
types, the fish remains, the niollusca, the polyzoa, the ostraroda, and the 
foraniinifera. In the oldest bods (Balcombian) a predominant fossil is Ajnphis- 
tegina^ long mistaken for Xummulites varitdnria, tlic latter genus in reality l^ing 
absent. In the limestone phase of the .siu'ceeding Janjukian beds the Miocene 
type of toothed whale, PorasquaJodon, occasionally occurs; in the marls the 
Miocene genus Spirulifostrai w'hilst the Burdigalian forms of J^epidocyclina are 
, abundant in the polyzoal series of the .Fanjukian. In the Kalimnan serle.s ictacea 
known elsewhere in the Pliocene Crag (Diestian and Astian) of Antwerp and 
- England, as Scaldicetus and the ziphioid whales, are characteristic fossils. The 
above interpretation of the Australian Tertiary sediments agrees also with the 
data acquired by Australian phy.siographists, and is that generally accepted for 
New Zealand and Patagonia. 

Iilic wcll- 

Terreetrial Series. 

The terrestrial Tertiary deposits, so far as tliey are known, are assi u’hig the 
various honzons as follows : — 

Balcombian. — Leaf -beds of Morningion and the brown coal of the 
Coabshaft. jsilion of 

Janjukian. — Leaf beds of Sentinel Rock (Capo XHway), Had Depart 
^ Bacchus Marsh, Pitfield Plain.s, Narracan, Dargo High Plains hlm.'^, the 
Deep Leads: in Victoria. Leaf-beds of Dalton, Gunning, and jtilin 

in New South Wales. Leaf-beds of Lake Frome, &c. : in Sou “Peralurc a- 

Kalimnan. — Newer Deep Leads, Haddon, Victoria. Al.so o.^l^vry, liVgget»b-j 
South Wales. vertical *Aust^‘ 

licir clof ^^\gon 

2. The Age and Sequence of Ihe Victorian Terttarii^ 

By T. S. Hall, il/.A., I). Sc. ke vaUej,,^ 

The chief difficult that meets one in attempting to decide the *”**^***‘^ 
marine Tertiaries of Southern Australia is their wealth in well-preserv- 1^^^’ 

From the oldest series, the Barwonian, which includes the close^^ . ^ 
Janjukian and Balcombian, about 1,800 species have been described. 
includes over 600 mollusca, some 500 polyzoa, and about 40 brachiopoda, 
50 echinoids, 80 corals, and a large number of foraminifera. The Kalimnan 
yields about 260 described species, mainly mollusca, while the Werrikooian 
. affords close upon 200 species of described mollusca. It may safely be said that 
?when the fauna of the Barwonian, at any rate, is fully described the total will 
/be doubled, for, taking the mollusca, th% small forms, which are extremely - 
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abundant, hava not been touched, and a large number of new epecies in almost 
all groups are known, but remain undiagnosed. 

The basis of classification is in dispute. In spite of all objections I adhere 
to the Lyellian percentage method as yielding the best results. Another method 
has been^ adopted by Ortmann in dealing with the Patagonian Tertiaries. It 
consists in comparing each species with species of known age in the northern 
hemisphere, deciding which is the nearest ‘ ally * or * representative,’ and 
referring the southern formations to those northern ones which yield the greatest 
number of * relationships.* It passes by as of no importance all the southern 
forms. Harris suggests using phylogeiiy purl puxsa with the Lyellian method. 

The objection urged against the Lyellian method is that the personal equation 
enters too largely into it, and we do not know what a species is. H. von Ihering 
has discussed Ortmann’s method fully, and objects to it. To my mind the 
personal equation is as prominent in it as in the Lyellian, and it demands an 
amount of knowledge of the Tertiary faunas of the world that no one can 
possibly have at first hand, and enormous collections, quantities of each species, 
that no museum is likely to contain. As regards phylogeny, we cannot use it 
till we know the sequence. 

Confining ourselves to the mollusca, we find Tate recognising about a dozen 
recent species in the Barwonian. Later authors have more or less definitely 
rc^giiised about half a dozen more. As we have over 800 named species in this 
series of beds, we may double the number of recent ones without seriously 
affecting the result. 

Assuming that the Barwonian is Eocene, for some age has to be assumed, I 
Jiave elsewhere discussed most of the genera that transgress. ^ 8ome pass up 
from Mesozoic times, others are extensions back from younger horizons in the 
north, or from recent seas. Besides this the absence of many modern genera 
fnust be insisted on. It is customary for those who hold that the Barwonian 
is yotingcr than Eocene to label all the old genera * survivals.* This hardly 
settles the question. Leaving the land fauna on one side, there are some un- 
doubted survivals in the Indo-Pacific, but it may be asked, Did nothing originate 
in the southern seas and slowly migrate northwards? The real place of origin 
and age of the transgressing genera cannot be settled off hand by northern 
standards. 

Barwonian is divided into Balcorobiaii and Janjukiaii, but their relation- 
1 vigorously discussed. By far the greater part of the fauna is 
le two. Passing by the discussions between Professor Halph Tate 
pennant on the one side, and Dr. G. B. Pritchard and myself on the 
^^nded, as such discussions frequently do, in a series of flat contra- 
f facts, we may consider -Mr. F. Chapman’s position, 
inian asserts that the Batesford limestone is typical Janjiikian, and 
include that all the polyzoal limestones, and there arc many, are 
n. He argues on the same data that the Janjukiaii is the younger 
.^wte, Dennant, Pritchard, and myself, however much we differed on 
Wuts, agreed that the age of the limestones must be decided by reference 
rich fauna of the clays. Mr. Chapman makes no reference to an inter- 
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_ clay bed in the Batesford limestone from which Dr. PritcJiard and myself 
ted^orty-five species, mainly mollusca. Of these only one is confined to the 
Janjukian locality, wdiile twelve have never been found there, but are 
lod to typical Balcombiaii beds. The rest are common to both series, 
nestoue, then, as wc asserted, is Balcombian and not Janjukiaii. More- 
e showed, by a careful examination of the area, that the limestone passed 
‘'lays which are typically Balcombian, and can be traced to Orphanage 
* couple of miles away. M‘Coy grouped the Orphanage Hill bens 
M in reploso of Mornington, that is, with the typo Balcombian section. Tate, 
ib^^liiuanaht, Pritchard, and myself agree with the grouping, and Mr. Chapman 
still labels the Orphanage Hill fossils Balcombian in the National Museum. 
If, as Mr. Chapman asserts, the Batesford limestone is Janjukian, then the 
Balcombian is the younger and not the older member, as he asserts. The 
stratigraphical facts are unimpeachable* 

The Mount Gambler limestones must, as the contained luollusca show, be 

Sciinee^ 1902 i Pres, Addr. Sec. C. 
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i associated with the Balconibian of Muddy Creek. The polyzoal linicstuue of 
^ Muddy Creek Tests on quartz porphyry, and is the basal member of the scries, 
Tt has been traced by Dr. Pritchard and myself passina under the more loosely 
compacted beds of the district, and is inseparable irom them. 

The polyzoal limestones of Jan Juo, Waiirn Ponds, and a few other places 
are Janjukian, and the evidence rests on the niollusca, but this has no bearing 
on ]Mr. Chapman's nitiin contention. 

The relative age of the Janjukian and Balcornbian is a difficult question. 
jM*Coy, Tate and Dennant, and Chapman consider the Janjukian the younger. 
Dr. Pritchard and myself consider the reverse to be the case. 

As regards the other formations, it may be briefly said that the estimate of 
their age depends on that of the Barwonian. If this bo Kocenc, they arc 
Pliocene and Pliocene respecti\ ely ; if not, they must be placed higher in the 
scale. 


3. On the Ape and Sequence of ihe Vielorian Tertkries, 

By G. B. Pritchard, D.Sc. 

^Tertiary geology in South-Kastern Australia has bct »i fruitful of imich 
difference of opinion, partly on account of lithological variitliun.s associated I’.itli 
palieontologieal variations which have not always receiveni due weight, the dilfi- 
ciilty of correlating disconnected outcrops, l)ores, and shafts, fi?id tlie degree of 
antiquit}" and relative age of the various horizons re[>resented. The various 
changes in this work have no doubt been a stimulation to some, but to iiiaiiy it 
has been, and still is, very confusing. 

It happens that marine deposits are well developed, many showing a remark- 
able wealth of fossils, and these have attracted more atUmtion than their terres- 
trial and volcanic associates. Amongst the marine fossils, inollusca are usually 
very striking, and it is only natural to compare these with Australian li\ing 
forms. In this way a succession can be determined for the fossil faunas as at 
present known, showing further and further removes from the living. 

(ff) Werrikooian, — The type locality is at Limestone Creek, a small tributary 
of the Glenelg River, in the parish of Werrikoo, South-Western Victoria. 
These beds bear a raolluscaii fauna strictly com})arable with living forms along 
the southern coast except for the occurrence of a few .species at present unknown 
amongst the living fauna. 

(6) Kalimnan.--The type locality is near the township of Kalunna, (3ip^)s- 
land Lakes, Phistern Victoria. The fauna of these beds is also comparable in 
general facies with the recent, iii the proportion of bivalves to univalves, an4f> 
relative abundance of representatives of other groups. It includes extinct' 
genera, as well as a very high proportion of extinct species. 

(c) Balcornbian.-— The type locality is at Balcombe’s Bay, cast shore of Port 
Phillip. The fauna of these beds is richer and more varied than the existing 
Southern fauna; its general facies is more comparable with Northern Australian 
forms. In the present state of our knowledge it contains rather more than two 
per cent, of extinct genera, and even allowing a wide margin for differences of 
opinion the living species would barely represent two per cent. 

(d) Janjukian.— Coastal sections on Bass Strait, parish of Jan Juc, south of 
Geelong. The fauna from these beds appears to be furthest removed from the 
living, based on a review of the genera which shows between five and six per 
cent, extinct, w'hilst the species only show about one per cent, living forms. 

When the typical fossils are not obtainable it is not easy to state w^hether a 
;rock series is Balcornbian or Janjukian. To meet this difficulty the wider term 
vBarwonian has been given, as both these horizons are well developed in the 
• Barwon Basin. 

Stratigraphical evidence also exists in confirmation of the above sequence in 
the Moorabool Valley, in the coastal sections from Port Campbell to Cals* Ilccf 
and elsewhere. . 
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*4. On the Age of the Lower Tertiary tiarine Rocks of Australia. By\ 

E. Bullen Newton. 

The author referred briefly to the valuable palfcontologioal work on the 
Australian Tertiaries carried out by such prominent authors as M‘Coy, Ralph 
Tate, Dennant, Hall, Pritchard, &c., the majority of whom favoured an Eocene 
Age for the Lower Tertiary deposits of Australia. The late G. F. Harris 
doubted the existence of such a formation, whilst M. Cossmann could see no 
relationships among the Lower Tertiary Opiathobranchs from Australia with 
Eocene forms from Europe. 

Mr. F. Chapman, palseontologist of the Melbourne Museum, has studied this 
subject, and proves very conclusively that those beds hitherto regarded as 
Eocene belong to the Miocene period — a view which the author fully supports. 
Mr. Chapman’s work on the Batesford limestone is important in this connection, 
because of its containing Lepidocyclina, Amphistegina, and TAthothamnlum — 
all of which characterise the Miocene beds of Europe, Java, Sumatra, Borneo, 
Formosa, &c. ; the absence of nummulites in this limestone is against iU age 
being either Eocene or Oligocene. Th&se same limestones have also vielded 
Mollusca and Brachiopoda, ns well as Carcharodon mpgalodnn^ which has ita 
origin in Miocene rocks. The author was of opinion that the Lower Tertiary 
fniiiias of Australia presented in some cases a recent facies, in others a Miof-ene 
facies with relationships to Vioth European and South American species of that 
period. Among sliells showing a resemblance to those of prc.sent-day s(‘f».s, he 
mentioned CafiMh rontu-^u-^. Siphonalia npnfloi*n, Typhia Inrinlatus, all Tate’s 
spccie.s, and mo.stly from the Muddy Creek deposits; and many more .species 
might bo quoted exhibiting a more or less recent appearance. Among fossil 
forms more particularly referred to was the Afurln nfuri var. mist ml which 
has been recognised as coming from the Eocene of Australia. Although given 
a varietal name, this Cephalopod is not to be separated from the Miocene .species 
of Europe known as Aturia atari , and with this statement ^fr. Crick, of the 
British ^Iiisenm, thoroughly agrees. The species is found in many of the 
Australian deposits, as also in the Table C^ beds of Tasmania, the Oamaru 
beds of New- Zealand, the Navidad bed.s of Cliili, South America, as also in the 
European jMiocene. The more or less pointed rostrum of SjAndiroatra nirta 
illustrates an affinity with Miocene forms rather than with Eocene, which are 
moro obtuse. 

The large Oyprrraa described by M‘Coy as Oligocene should more probably 
bo regarded as Alioceno, since they come from the Gellibrand River Beds, 
Muddy Crook deposits, &c., which also contain the Aturin oturi^ before men- 
tioned. The Brachiopods of the Lower Tertiary deposits of Australia show 
a somewhat recent facie.s, a striking form being MngtUavia gnrlhaldiann-^^ 
sfxjcies occurring in the Mount Gambier Beds in association with the 
Aiaria atiiri. 

Even before Mr. Chapman pointed out the Miocene characters of the Lower 
Tertiary deposits of Australia, Dr. Ortmann, of the United States, had pub- 
lislicd 111 1902 his important monograph on the Tertiary deposits of Patagonia, 
ill which ho compared the faunias of that continent uith those of Australia. 
His researches were against the presence of Eocene in the Tertiaries of 
Australasia, and those beds hitherto recorded as such bo identified as 
-Miocene, and contemporaneous with tbo Pareora beds of Now Zealand, Navidad 
series of Chili, and the Patagonian deposits, alt of which showed unmistakable 
affinities with each other and favoured the view that a former connection 
existed between South America and Australasia. 

The term Oligocene among Australasian marine Tertiaries, the author was 
inejiuod to abandon bec^iuse of the absence of Nummulites, their place being 
taken by Amphiategina and Lepidocycline forms of Foraminifera. Such rocks 
ho would regard as Miocene. This would apply to the Balcombiau and 
Janjukian beds of Mornington Ac. and the older deposits of Muddy Creek and 
other localities. 



370 j 


. TRANSACTIONS OP SECTION 

& oj the Amlralim Marini t khhi6l^(^id PeposiiS’^ 

Evidence oj the Echinotds^ Bryozoa, ami some Vertebralc^ 
By Professor J. W. Gregory, F.K.S. » ' f . 


Correlations of the Kainozoic deposits which extend along southern Australia 
have been proposed in accordance with two main conclusions. According to 
the first, these deposits include marine representatives of all the Kainozoic 
systems from the Eocene to the Pleistocene. According to the alternative 
explanation, most of the deposits belong to the middle part of the Kainozoic, and . 
include essentially one fauna. When I succeeded M*Coy in Melbourne in 1900 
T had to consider this question, and carefully examined the evidence given by 
the two groups of animals in which I was most interested, the Echinoidea and 
the Bryozoa, and also compared their evidence with that of some fossil verte- 
brates. The second correlation seemed the better to agree with the evidence of 
these groups. The Echinoidea had been regarded as indicating the Eocene age 
of some of the deposits, for one characteristic fossil had been referred to the 
genus Holaster. This determination had, however, been revised and the fossil 
referred to a new gcmis, DuneanimUr, whose affinities are with much later . 
echinoids than Uolnster, The fossil echinoids could all be included in one 
fauna; some of the most characteristic species, such as ChjpeaBiet gippslandicus - 
and Monostychia australis, range from the Balcomhian to the Kalimiian, and 
Lovenia fotbesi has the same variations in the Janjukian and Kalimnan. t^dine 
of the rarer species are limited to one locality, hut that is probably only due. 
to their scarcity. The characteristic Echinoids indicate one faniia, which is 
essentially Miocene, though it may have overlapped with the upper Oligocene 
and lower Pliocene. The evidence of the Echinoids is decidedly in favour of 
the view that there has been one great iiiarine transgression along the southern 
coast of Australia, which reached its maximum in the Miocene if it were not 
confined to that system. 

The evidence of the Bryozoa is less definite, but when carefully examined it 
‘supports the same conclusions. Many of the genera lived in the Eocene and 
Cretaceous; but most weught should be given to the most specialised Cheilosto- 
mata found in these deposits. Some well-known living species, such ns 
’Btitpora heaniana, Smittia reticulata, and Porclln skenei, are found in the 
Victorian beds, and they indicate an upper instead of a lower Kainozoic age. 
The survival of some older Bryozoa is less significant than the first appearance 
of the highly developed upper Kainozoic species. Macgillivray in his monograph 
(1895) said that the Victorian Bryozoan fauna included no Eocene members, and 
that the different liorizons represented were not very different in age. With 
those conclusions I fully concur. 

The vertebrate evidence appears to me to support the same determination. ‘ 
The appearance of Squalodon, Scaldicetus, and Ziphius, and of such well-known,, 
species of sharks as Carcharodon megalodon and Oxyrhina hastalis, which range 
'from the lowest to the highest of the main Victorian marine series, is in favour 
of those beds being not earlier than Miocene. It is true that both species have 
been recorded from the Eocene of the United States; but these American 
Atlantic deposits are not an altogether satisfactory basis for correlation ; and 
these species make their first appearance in the standard Kainozoic succession . 
of Europe in the Miocene, and they last on to the Pliocene. 

' The classification adopted recently by Mr. Chapman seems to me in essential 
agreement with the evidence of the Ecninoids, Bryozoa, and Vertebrates, most 
of the marine Kainozoic beds of southern Australia belonging to the Janjukian 
and being of Miocene age. 


6. The Evolution of Victoria during the Kainozoic Period. 

By D. J. Mahony, M.'Sc., F.O.S. 

„ ’ .. ' N 

The Kainozoic period in Victoria is characterised by great earth movementi 
accompanied by volcanic action; the present topography is a consequeni 
^development. 

.The central highland J area (Palaeozoic , rocks) exUipds from the: easterr 
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it is bounded by low-lyin^ plains (Kainozoic strata), whicb gradually broaden-' 
towards the west until they merge into one another. To the south Wilson’s ^ 
Promontory (granite), South Gippsland (Mesozoic), and the Cape Otway district ' 
(Mesozoic) rise above the plains. The highland area is essentially a dissected, 
peneplain sinking from some 6,000 feet above sea level in Gippsland to 900 feet 
at its western extremity ; the only Kainozoic rocks upon it are river- gravels, 
lake-deposits, and volcanics. 

The plains (500 feet) are areas of Kainozoic sedimentation with some inter- . 
bedded and overlying volcanic rocks; the sedimentary series consists of 
'acustrine or estuarine beds, followed by marine clays (Oligocene), foraminiferal 
limestones (Miocene), and sandstones ^Pliocene). These beds rest upon 
Palaeozoic or Mesozoic rocks. 

On the surface of the ancient peneplain, 5,000 feet above sea leVel, ( ?) Miocene 
plani^remalns and river-gravels are preserved beneath basalt at Dargo High 
Plains. This indicates a long pre-Miocene period of quiescence followed by a 
great uplift. This area has not been submerged during the Kainozoic. 

The nature of the Kainozoic series indicates that, outside the highland area, , 
a gradual subsidence of considerable magnitude (Oligocene and Miocene), accom« 
panied by volcanic outbreaks (Miocene), was followed by re-elevation to a 
maximum of about 900 feet above sea level (Pliocene or post-Pliocene). There 
is evidence to show that the movements were not uniform in direction, though 
the net result was depression or elevation. Bass Strait is a recently sunken 
//area in which equilibrium has not yet been established. 

The nearly horizontal position of the Kainozoic rocks indicates that the niove- 
ineiits were vertical ; and there are, moreover, examples of Kainozoic faults in 
which the differential movement amounts to 9U0 feet. 

The volcanic rocks are basaltic except for sporadic occurrences of alkali 
rocks in Eastern. Central, and Western Victoria. 

The Older Isasalts are most abundant to the east of Melbourne. Some 
remnants occur on the ancient peneplain 3,000 feet above the present streams, 
but the most extensive areas are at lower levels in South Gippsland. At Flinders 
the Older Basalt underlies marine Miocene, and has been proved by boring to 
be over 1,300 feet thick, and to extend from sea level to that depth. In some 
instances the age can be conclusively proved, but in others the evidence is poor. 
These basalts are associated with the first great period of earth movements. 

The Newer Basalts are most extensively developed in the western district, 
where their northern boundary is not far from the 500 feet contour; here they 
overlie marine Kainozoics. Large areas are also found on the plateau west of 
Kilmore and along its northern flanks. The Newer Basalts are never covered 
by marine deposits, except recent accumulations near the coast, their surface 
is little denuded, and many of the cones of loose scoria are almost perfect. 
It appears that the Newer Basalts mark the close of the last great movement , 

' which elevated the marine Kainozoics. 

In New South Wales and South Australia earth movements on a grand scale ' 
; took place during the Kainozoic period, yet volcanic action was comparatively 
insignificant. 


. 7. The Tertiary Brown CoaUheds of Victoria. 

W By H, Herman, F.G.S. 

The brown coal-beds of Victoria are probably the thickest yet recorded in 
/■ ' the world. The more extensive areas are the La Trobe Valley, Albertoo, 
/f Altona, and Lai Lai. Minor beds are widely distributed. 

The geological age has not yet been definitely fixed, except at Altona, where 
/Va brown coal-seam 140 feet thick underlies marine Oligocene beds. Flows of 
f / basalt overlie the brown coal in places, and underlie it in others. The range in 
. age is probably from Oligocene upwards. Seams outcrop at Narracan, Thorp- 
dale, Dean’s March, Morwell, and Boolarra. 

Svi below the surface the seamd are prospected by boring. In many bores 

'^W^oal of. several hundred feet in thickness is shown; one bore had an aggregate ^ 
; /'thickness of 781 feet of coal in a depth of 1,010 feet. The overburden is from 
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JUm awa of about 300 fqnm milea and the ta Trobo Valley am 

ox TOO square miles there is probably 30,000,000,000 tons of coal. The approxi- 
mate area at Altona ie 200 square miles, with a probable average thickness of 
HiO feet of coal. At Lai Lai the coal covers three square miles with an average , 
thickness of 80 feet. 

; The geological and geographical distribution of the various brown coal-seams. 
Lie still Ming ascertained by boring ; the bores are being systematically tested for 
, Calorific value, gas production, and by-products. A typical analysis of the. 

, brown coal, as freshly mined, is si 


HkjO • 

V.H.G. 
F.C. . 
Ash . 


Per cent, 
6300 
24-60 
21-50 
1-00 

ioo-ob 

0-7 pi'r cent. 


Sulphur 

Nitrogen ....... 0-3 per cent. 

CJa’orilic value 6,6(^-6.0QP B.T.U. 

Eva))oration value .... 4 lb. water 
i :as per ton 0 600 c*uhi< feet 

Ammonium sulphate per t<m (t.ho<irei:Ci\V*. 3*2 U». 


K.xperiinent.'i! work ha.s al.<o proved that niider proper eomlition.e a firm hard 
briquette can be produced without the aid of an aii,i^hdinarit binder. FI is 
suitable also for use in the ga.s producer, the improvements ir» which of lecent 
years hi<l fair to give brown coal an important place in tlie p<nver fuels of the 
world at no distant date. 


Sydney: 

Auauf^T * 21 . 

After the President had delivered hi.s Address (see p. 341) the following 
Papers were read ; -- 

I, The Geology of New South Wales. By E. F. Pittman. 

2. The Age of the Permo-Ctirboaiferous Ghirinl Beds. 

By Dr. A. Vauc.han. 

3. Report on the Erratic Blockn of the British hies. 

See Keporls, p. 111. 

4, Report of the Committee tn masidcr the Preparation of a List of 
Charar I eristic Fussih. - See PeporiR, p. 111. 

5. Report on the (Icolorfy of Ramsey Island, Pembrokeshire. 

See llepovifi, p. 111. 

6. Report on the Old Red Sandstone Rocks of Kiltorcan^ Ireland 
See Reports, p. 113. 



^^ HonQNB.oy s^px ;379, 

7. Report on the Fhuna andyiora of the Trias of the Western Midhndsi 

See Beports, p. 114. 

8 . Report on the Excavation of Critical Sections in the j3)wer Pcdeeozoic, 

Rocks of England and WoJes. — See Reports, p. 115. 

. : 9 , Report on Geological Photographs. 

/ ; 10» Bepofi dn ihe ilicroHcopical and Chemical Composition of 
• - . the Charnwood Rocks. 

^ ' 

11. lieporl on the further Exploration of the Upper Old Red Sandstone 

, 4^ of Dura Den. — See Reports, p 116. 

12. Beporl of the Coniinillpc to consular ihc Prcparalion of a List oj 

StralUjraphkal Names . — See Repoi'ls, p. 113. 


TVKSDAY, AVaVST 25. 

Joint Distui.ssion with Sections D, K, and K on Ua.^l and Lrescnt 
Ildations of Antarctica in their Bioloificaly Geuyrophical^ and 
Geological Aspects . — See p. 401). 

The following Pajicrs were then read : — 

1. On the Term Permo-Carboniferous and on the Correlation of that 
System. By W, S. Dun and Professor T. \V. Edgeworth David, 
C.M.G. 

1 he term Pcnno-Carboiiiferous was originally applied to certain forinations 
in Queensland which on stratigruphical evidence were at the time considered 
to belong to one and the same general system. At the time it was considered 
that a series of strata at Gynipie^ which contained an assemblage of fossils 
of distinct Pei'miaii affinities^ were stratigiaphically below another set of 
strata known as the Star Beds. The latter contain among other fossils 
PliiililRiui, Lrpidodendron aastrale, and Ancimitu, all typical Carboniferous 
fossils in Australia, and the first mostly of Devonian age. Accordingly these 
formations were grouped together under the term Permo-Carboniferous, and 
the name has subsequently been widely used. It has now been proved that, so 
far as Queensland is concerned, the name has been given in error. The 
Cympie Beds are stratigraphically above the Star Beds, not below as was 
originally supposed. Nowhere in Australia or Tasmania lias a single trilobite 
or Lepidodanlron ever been found in our Carboniferous rocks proper. In the 
absence of a zoning of those Carboniferous rocks it is impossible to say what 
exactly are its equivalents in other parts of the world. If it is wliolly Lower 
^arboniferous, as some suppose, there may be some justification for the retention 
PPf the term Permo-Carboniferous, but if its fauna .and flora ascend to Upper 
Carboniferous, then it is suggested that there is much to be said iu^ favour of 
using the^ term Permian instead. In Russia Schhodus occurs in numbers 
bcneatli wbele not, only of the Glo99optcrie beds, but of the GanyamopUria 
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beds also of the Dwina system. la South America the Lower Rocks of ilio 
Santa O^athurina system appear to be more Permian than any tiling else, and 
the occurrence of the strong swimming reptile Mesosaurus both in the Permo- 
.' Carboniferous rocks of South America and of South Africa aoK.':;csts tha^^the 
' South African Ferino-Uarbouiferous rocks also may be chietly iVrmian. 
i\ In the correlation of the Australian Permo-Carboniferous formations, special 
veinphasis is laid on the Indian facies of the West Australian Permo*.. 

K iiferpitt, faun*. . , 

iMreiU Auslmlim Arlesian Basin 
*'■ • E. F. PITTMASV- 


b/ ike 

; . Southern Queensland. By S. Dunbtan 


■ Post‘J urassic Geography of Australia: Notes oh thejfypothesis 

^ > of Isostasy. By B. G. Andrews. 

The doctrine, of isostasy implies the general correspondence, in weight, of all 
vertical columns of unit size composing the Earth’s crust to a depth known as 
the depth of compensation. This depth is taken at 122 kilomHres below sea 
level by Hayford.^ 

The excess of height of the unit columns, in continental areas, is con- 
, sidered as being compensated by the excess of crustal density in suboceanic 
areas. Isosiatic compensation is supposed to follow rapidly upon loading and 
unloading. Examples of such loading are sedimentation and the formation of 
^ a continental Ice Sheet, while examples of unloading are erosion and the 
' disappearance of an Ice Sheet. The adjustment is considered to be a gradual, 
rather than a spasmodic, process. Anomalies of gravity, however, are recorded 
' from many localities, and Gilbert^ suggests tliat the explanation of such is . 
to be sought in nuchal heterogeneity. 

(reo^mpAy.—East and West Australia form two positive, or buoyant, ele- 
ments, while the Inland Plains, in the main, represent a negative, or sunken, 
area. With these three elements should be considered Now Zealand, Malaysia, 
tlie South Pacific, the Indian, and Southern Oceans. 

During Cretaceous time a great plain of erosion appears to have beeil v 
formed in the positive elements of Australia, while the extensive epicon* 
iinenUd sea of that period was filled with the waste derived from the neighbour-^ .. 
ing erosion* Subsequently, both the old plain of erosion and the northern ' 
portion of tho area of sedimeiitatioii were elevated to a moderate height and 
a long period of equilibrium and erosion ensued. This sequence of elevation 
and of pauses of equilibrium with erosion was repeated until the close of 
the Kosciusko Period the pauses between the uplifts becoming less impor- . 
tant, but the amount of vertical movement becoming correspondingly emphasised. .. 

^ . At various stages of the process basalts flooded Eastern Australia, especially 
in areas of older sedimentation. The appearance of the old basalt-covered ^ 
stream-drifts is suggestive of a temporary subsidence for the plateau areas 
daring the basaltic period. 

Strong streams, such as tho Sboalliaveii and tho Hawkesbury, maliitained th^ir 
general courses against the uplifts along their lower portions. Hence it ia 
inferred that the uplifts were effected slowly, nevertheless the perioda of equi-' 
^librium separating the revivals of elevation were of much longer duration than 
^.ihe uplifts themselves. . 

\ ‘ Hayford, J. F., * Figure of the Earth and Isostasy,* f/.iS, Cmt 

!,:6todetk Survey, Washington, 1909. , -S 

; * Gilbert, G. K., * Interpretation of Anomalies of Gravity^; U.S . . (Vco? 

Washington,. 1913. . - . , / , . 
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The reap.irchea of Dutton, Hayford, Bowie, Gilbert, and others appear to 
have placed the doctrine of isostatic compeniation upon a firm basis ; neverthe- 
less, the ojieration of the adjustments does not appear, as yet, to be understood, 
arid it is j>robable that cognisance has not been taken of all the factors. 

In the example cited, of the elevation of both the Great Mesozoic peneplain 
and a great portion of the loaded offshore area, it seems difficult, under the 
doctrine (jI continuous compensation, by erosion and sedimentation, to explain, 
ill the first place, how the positive element could remain, for ages, in the one 
general position of equilibrium, while the offshore area was being loaded ; and, ^ 
n the second plaCOi how the eievatoij movement could have received its initialf 
mpettts> hs^lally as the effect appears greater than the cause if it be assumed:^ 
hat the Oretaoeous sedimentation gave rise to the Tertiarv uplifts. On the,> 
ither, hahd^ thei fdnndering of snboc^ic areas in the neishbourhood might be ' 
but. c, the evidence is not at oonclnsive on thisv. 

^v^The-hl^^ of elevation during Tertii^ time over Easterdl 

iuftralia indicates' crustal adjustment by jumps; and in this case also iher'i 
ncreasing amount of vertical movement suggests that tfie elevations of the! 
ilateaus more^tUh compensate for the erosion sustained in these regions daring 
'ecent geologiciflime. 

. The extrusion of the basalta is in harmony with the doctrine, but the 
tction appears to have been catastrophic, rather than gradual, in nature. 

The sequence of geographical forma cited suggests that sedimentation in- 
luenced the formation of plateaus only in a minor degree, but, on the other 
land, that stresses accumulated gradually within the zone of compensation, until 
I belt of weakness, or mobility, was established by means of which the ill- 
id justed portions were connected. Upon the arrival of such a stage adjustment 
msued with relative rapidity with the production of epeirogenic uplifts and 
iepressions. This neither denies the ability of a load, such as a mass of sedi- 
nents, or an Ice Cap, to depress the underlying region, nor does it seek to 
exclude the tendency for an unloaded area to rise; it merely assigns to such 
igcnts a subordinate part in the shaping of the greater features of the Earth’s 
:rust. 

It is probable also that an analysis of a series of gravity measurements 
vhich may be taken hereafter in Australasia would reveal the existence therein 
>f gravity anomalies, and it is probable also that the disposition of these would 
)e other than those which might have been inferred from a mere inspection 
if the topography. > , 


S. The Melallogenetic Provinces of Easiern Australia, 

* ^ By 0 . X, SussMiLCH. 

6.' New Evidence for Darwin*s Theory of Coral Reefs, 
. , ; By Professor W. M. D.\vis. 


^ The Genesis of the Diamond in New South Wales, By L. A. Cotton. 

8. The Occurrence of Spililic Lavas in Neio South Wales, 

. By w. N. Benson. 

K Structural Features of the Coal-fields of Pennsylvania and their 
Influence on the Origin of Hard Coal. By Professor E. S. Moore, 
: M,A., Ph.V. : 

vThere are two main coal-fields in Pennsylvania, the Bituminous and the 
anthracite. ^ j^e latter field comprises an area of approximatdy 480 square miles 
ituateqJq^lKhfEbly fplded portion of the Appalachian Province, while the 
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Section D.— ZOOLOGY. 

SIUE.NT OF THE SECTION : PKOFESSOB AUTIIUM DeXUV, D.Sc., I'.ll.S. 


Melboubne. 

* " VmUAY, AVGUST 14 . 

The Provident delivered the following Address! : — 

Protjremce Evolution and tht Oritjin of Species. 

I'liK upciiiiig years u£ tho present century have witnessed a remarkable develop- 
incut of Biology as an expcrinieiital science, a development which, however lull 
of promise it may bo for the future, for the time being api^ears to have resulted 
in a widespread disturbance of ideas which have themselves only recently 
succeeded in gaining general acceptance. TJie theory of organic evolution, 
plainly enough enunciated at the close of the eighteenth and the beginning of 
tile ninctecJitli century by JBuffoii, Lainurck, and Erasmus Darwin, remained 
nncotivincing to the great majority of thinking men until tlic genius of Charles 
Darwin not only brought together and presented the evidence in such a manner 
that it could no longer be ignored, but elaborated a logical explanation of tho 
N\ay in which organic evolution might be supposed to have taken place. 
Tliatiks to bib labours and those of Alfred Bussel Wallace, 8ii[>portcd by the 
powerful iiilluenco of such men as Huxley and Hooker, the theory was placed 
upon a firm foundation, in a position which can never again be assailed with 
any jirospcct of success. 

Tills statement is, I believe, entirely justified with regard to the tlieory 
of organic evolution itself, but tho case is very different when we^omc to 
investigate tho position of the various subsidiary theories which liave been put 
forward from time to time with regard to wliat may perhaps be termed the 
modus opvrandi, the means by whidi organic evolution has been effected, it 
is ill this field that contro^'el'sy rages more keenly than ever before. Lamarck 
told us that evolution w'us due to the accumulated results of individual effort in 
response to a changing environment, and also to the direct action of the environ- 
ment upon the organism. Darwin and Wallace taught us that species 
originated by the natural selection of favourable variations, and under the 
iiiiiuenco of Weismaun’s doctrine of the non-inheritance of acquired characters 
the theory of natural selection is in danger of becoming crystallised into an 
inflexible dogma. In recent years De Vries has told us that species arise by 
sudden mutations, and not by slow successive chauffes, while one of the most 
extreme exponents of * Mendelism,* Professor Lotsy, lately informed us that all 
species arise by crossing, and seriously suggested that the vertebrate type arose 
by the crossing of two invertebrates I 

This curious and many-sided divergence of opinion amongst expert biologists 
is undoubtedly largely due to the introduction of experimental methods into ^ 
biological science. Such methods have proved very fruitful in results which 
at first sight seem to be mutually contradictory, and each group of workers has 
built up its own theory mainly on the basis of observations in its own restricted 
field. 
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y'' Profettsor Bateson has said in his recently pnblished * Problems of Genetics * : 
C^When . . » we contemplate the problem of Evolution at large the hope at the 
jpresent time of constructing even a mental picture of that process grows weak 
almost to the point of vanishing.. We are left wondering that so lately men in 
general, whether scientific or lay, were so easily satisfied. Our satisfaction, as 
we now see, was chiefly founded on ignorance. 

In vievr of this striking pronouncement on the part of one who has devoted 
his life with signal success to the experimental investigation of evolutionary 
problems, the remarks which I propose to lay before you for your consideration 
to-day may well appear rash and ill-advised. I cannot believe, however, that the 
position is really quite so black as it is painted. We must perforce admit that 
the divers theories with regard to the working of organic evolution cannot all 
be correct in all their details, but it may be that each contains its own elements 
of truth, and that if these elements can but be recognised and sorted out, they 
may perhaps be i^ecoinbined in such a form as to afford at any rate a plausible 
working hj^iKithesis. We must bear in mind from the outset that in dealing with 
such a complex pibbleni many factors have to be taken into account, and that 
widely different views on the question may be merely onA-sided and not ncccs« 
sarily mutually exclusive. -T' 

I take it there are three principal facts, or groups of facts, that have to bo 
lilicoanted for by any theory of organic evolution 

(1) The fact that, on the whole, evolution has taken place in a progressive 
manner along definite and divergent lines. 

(2) The fact that individual utiitnals and plants are more or less precisely 
adapted in their organisation and in their behaviour to the conditions under 
which they have to live. 

(2) The fact that evolution has resulted in the existence on the earth to day 
of a vast number of more or less well-defined groups of animals and plants which 
we call siiecics. 

The first of these facts appears to inc to be the most funrlamcnial, and at the 
same time the otic to which least attention is usually paid. The great question, 
after all, is, Why do organisms progress at all instead of remaining statiyuary 
from generation to generation? To answer this question it is not necessary to go 
back to the beginning and consider the case of the first terrestrial organisms, 
whatever they may ha^e Ihicii, nor are we obliged to take as illustrations the 
lowest organisms known to us as existing at the present ds y. We may consider 
the problem at any stage of evolution, for at each stage progress is, or may he, 
still taking place. We may even begin by considering what is usually regarded 
as the highest stage of all, man himself; and indeed {this seems the most natural 
thing t^o, for we certainly know more about the conditions of progress in man 
than in any other organism. I refer, of course, at the moment, not to progress 
in bodily oiiganisatiou, but to progress in the ordinary sense of the word, the 
• progress, say, of a family which rises in the course of a few generations from 
a position of oWiire poverty to one of wealth and iiifliiciice. You may perhaps 
/say that such a case has no bearing upon the problem of organic evolution in a 
■ state of nature, and that we ought to confine our attention to the evolution of 
Vbodily structure and function. If so, I must reply that you have no right to 
l^limit the meaning of the term evolution in this manner; the contrast between 
ftman and nature is purely arbitrary; man is himself a living organism, and 
^all the improvements that he effects in his own condition are part of the progress 

evolution in his particular case. At any rate I must ask you to accept this 
^ case as our first illustration of a principle that may be applied to qj^ganisips 
^in general. 

If we inquire into the cause of the progress of our human family I think there 
fjcai^n be only one answer— it is due to the accumulation of capital, or, as I should 
prefer to put it, to the accumulation of potential energy, either in the form of 
f material wealth or of education. What one generation saves is available for the ' 
Ihext, and thus each succeeding generation gets a better start in life, and is able 
Ito rise a little higher than the preceding one. 

> Every biologist knows, of course, that there are many analogous cfwies amongst ^ 
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tiie lower animals, and also amongst plants. The accnmulatioh of food-yolk in ! 
the egg has undoubtedly been one of the chief factors in the progressive eVoluvt 
tion ox animals, although it has been replaced in the hignest forms by a 
more effective method of supplying potential energy to the developing offspring. 

It may indeed be laid down as a general law that each generation, whether of. 
animals or of plants, accumulates more energy than it requires for its own 'main« ' 
tenance, and uses the surplus^ to give the next generation a start in life. There 
is every reason to believe that this has been a progressive process throughout ’ 
the whole course of evolution, for the higher the degree of organisation the more : 
perfect do we find the arrangements for securing the welfare of the offspring. ^ 

We cannot, of course, trace this process back to its commencement, because 
we know nothing of the nature of the earliest living things, but we may pause 
for a moment to inquire whether any phenomena occur amongst simple 
unicellular organisms that throw any light upon the subject. What we want to 
know is — How did the habit of accummating surplus energy and handing it on ' 
to the next generation first arise? 

'Students of Professor H. S. Jennings* admirable work on the ‘ Behaviour of 
the Lower Organisms ' will remember that his experiments have led him to the 
conclusion that certain Protozoa, such as Stentor, are able to learn by experience 
how to make prompt and effective responses to certain stinduli ; that after they ' 
haye been stimulated in the same way a number of times they make the apprqi^., 
priate response at once without having to go through the whole process of trial 
and error by which it was first attained. In other words, they are able by 
practice to perform a given action with less expenditure of energy. Some 
modification of the protoplasm must take place which renders the performance 
of an act the easiSr the oftener it has been repeated. The same is of course 
true in the case of the higher animals, and we express the fact most simply by 
saying that the animal establishes habits. From the mechanistic point of view 
wo might say that the use of the machine renders it more perfect and better 
adapted for its purpose. *In the present state of our knowledge I think we 
cannot go beyond this, but must content ourselves with recognising the power of 
profiting by experience as a fundamental property of living protoplasm. 

It appears to me that this power of profiting by experience lies at the root of our . 
problem, .and that in it we find a chief cause of progressive evolution. Jennings 
speaks of the principle involved here as the * Law of the readier resolution of 
physiological states after repetition,* and, similarly, I think we must recognise 
a * Law of tho accumulation of surplus energy ’ as resulting therefrom. Let us 
look at the case of the accumulation of food-yolk by tbe egg-cell a little more , 
closely from this point of view. Every cell takes in a certain amount of potential 
energy in the form of food for its own use. If it leads an active life, either as 
an independent organism or as a constituent part of an organism, it ma^^ expend 
by far the greater part, possibly even the whole, of that energy upon its own 
requirements, but usually something is left over to be handed down to its imme- 
diate descendants. If, on the other hand, the cell exhibits very little activity 
and expends very little energy, while placed in an environment in which food 
is abundant, it will tend to accumulate surplus energy in excess of its own needs. 
Such is the case with the egg-cells of the multicellular animals and plants. 
Moreover, the oftener the process of absorbing food-material is repeated the 
. easier does it become; in fact, the egg-cell establishes a habit of storing up 
reserve material or food-yolk. Inasmu^ as it is a blastogenic character, there 
can be no objection to supposing that this habit will be inherited by future 
generations of egg-cells. Indeed we are obliged to assume that this will be the 
case, for we know that the protoplasm of each succeeding generation of egg-cells 
is directly continuous with that of the preceding generation. We thus get at 
any rate a possibility of the progressive accumulation of potential energy in the 
germ-cells of successive generations of multicellular organisms, and of course 
the same argument holds sjBod with regard to successive generations of Protista. 

It would seem that progressive evolution must follow as a necessary result 
of the law of the aocumulatipn of surplus energy in all cases where there is nothing 
to counteract that law> for each generation gets a better start than its prede- 
. cessor, and is able to carry on a little furtiier its struggle for existence with the 
-enviroiunent^ v.li.aiav£ba.iaid^t^^ this argument proves too mudi, that if* it . 
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^Wero correct all organisms would by thk tuhe have attained to a liigli degree of 
■ brganisatiou, and that at any rate we should not expect to find such simple 
organisms as bacteria and amosbie still surviving. This objection^ which, of 
course, applies equall;^ to other theories of organic evolution, falls to the 
ground when we consider that there must be many factors of which we know 
notliing which may prevent the establishment of progressive habits and render 
impassible the accumulation of surplus energy. Many of the lower organisms, 
like many human beings, appear to have an inherent incapacity for progress, 
though it may be quite impossible for us to say to what that incapacity is duo. 

It will be observed that in the foregoing remarks I have’ concentrated atten- 
tion upon the storing up of reserve material by tho egg*cel)s, and in so dointg 
havo avoided the troublesome question of the inheritance of so-called acquired 
characters. I do not wish it to bo supposed, however, that I regard this ns 
the only direction in which the law of the accumulation of surplus energy can 
manifest for I believe that the aceumnlation of surplus energy by the 

body may be quite as important as a factor in progressive evolution as the corre- 
sponding process in Uie germ-cclls themselves. The parents, in the case of the 
higher animals, may supply surplus energy, in the form of nutriment or other- 
wise, to the offspring at all stages of its development, and the more capital the 
young animal receives the better will be its chances in life, and the better those 

it« own offspring. 

In all those processes, no doubt, natural selection plays an important p.-Jrt, 
but, in dealing with the accumulation of food material by the egg-cells, one of 
my objects has been to show that progressive evolution would take place even if 
there were no such thing as natural s^ection, that the .slow successive variations 
in this case are not chance variations, but due to a fundamental property of 
living protoplasm and necessarily cumulative. 

Moreover, the accumulation of surplus energy in the form of food-yolk is 
only one of many habits which the protoplasm of the gcrm-cells may acquire in 
a cumulative manner. It may learn by practice jbo respond with increased 
promptitude and precision to other stimuli besides that of the presence of 
nutrient material in its environment. It may learn to secrete a protective mem- 
brane, to respond in a particular manner to the presence of a germ-cell of the 
opposite sex, and to divide in a particular manner after fertilisation has taken 
place. 

Having thus endeavoured to account for the fact that progressive evolution 
actually occurs by attributing it primarily to the power possessed by living 
, protoplasm of learning by experience and thus establishing habits by which it 
'/is able to respond more quickly to environmental stimuli, we have next to 
“inquire what it is that determines the definite lines along which progre8.s 
manifests itself. 

Let us select one of these lines and investigate it as fully as the time at our 
disix>sal will permit, with a view to seeing whether it i.s po.ssjble to formulate a 
reasonable hypothesis as to how evolution may have taken place. Let us take 
the line which we believe has led up to tho evolution of air-breatliing verte- 
brates. The only direct evidence at our disposal in such a case is, of course, the 
evidence of palaeontology, but f am going to ask you to allow mo to set thi.s 
evidence, which, as you know, is of an extremely fragmentary character, aside, 
and base my remarks upon the ontogenetic evidence, which, although indirect, 
will, I think, be found sufficient for our purpose. One reason for concentrating 
our attention upon this aspect of the problem i.s that I wish to show that the 
recapitulation of x>hy]ogenettc history in individual development is a logical 
. necessity if evolution has really taken place. 

We may legitimately take the nucleated Protozoon cell as our starting-point, 
for, whatever may have been the course of evolutioji that led up to the cell, 
there can be no question that all the higher organisms actually start life in this 
condition. % 

We suppose, then, that our ancestral Protozoon acquired the habit of taking ^ 
' in food material in excess of its own requirements, and of dividing into two " 
parts whenever it reached a certain maximum size. Here again we must, for 
the sake of simplicity, ignore the facts thair even a Protozoon is by no means a 
simple organism, and that its division, usually at any rate^ is complicated . 
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process, Rach dr thft" daughter-coils presently separates from its sister-cell' ; 
and goes its own way as a complete individual still a Protozoon. It^seems not 
improbable that the separation may be due to the renewed stimulus of hunger, 
impelling each cell to wander actively in search of food. In some cases, how- 
ever, the daughter-cells remain together and form a colony, and probably this 
habit has been rendered possible by a sufficient accumulation of surplus energy 
in the form of food-yolk on the part of the parent rendering it unnecessary for 
the daughter-cells to separate in search of food at such an early date. One of ; 
the forms of colony met with amongst existing Protozoa is the hollow sphere, 
as we see it, for example, in Sphaprozoum and Volvox, and it is highly probable 
that the assumption of this form is due largely, if riot entirely, to wh«at are 
commonly called mechanical causes, though wo are not in a position to say 
exactly what these causes may be. The widespread occurrence of the blasto- 
sphere or blastula stage in ontogeny is a sufficiently clear indication that the 
hollow, spherical Protozoon colony formed a* stage in the evolution of the higher 
animals. 

By the time our ancestral organism has reached this stage, and possibly even 
liefore, a new complication has arisen. The cells of which the colony is com- 
posed no longer remain all alike, but become differentiated, primarily into two 
gioiips, wliicn we distinguish as somatic cells and germ-cells respectively. 

From this point onwards evolution ceases to bo a really conbinuou.s procoss^, 
hilt is broken up into a series of ontogenies, at the close of each of which the 
organi.sm has to go back and make a fresh start in the unicellular condition, for 
the somatic Cells sooner or later become exhausted in their conflict with the 
environment and perish, leaving the germ-cells behind to take up the running, 
'rhat the gcrm-cclls do not share the fate of the somatic cells must be attributerl 
to the fact that they take no part in the struggle for existence to which the body 
is exposed. They simply multiply and absorb nutriment under the protection 
of tlie body, and therefore retain their potential energy unimpaired. They arc 
in actual fact, as is so often said, equivalent to so many Protozoa, and,* like 
the Protozoa, are endowed with a potential immortality. 

We know that, if placed under suitable conditions, or, in other words, if 
exposed to the proper environmental stimuli these germ-cells will give rise to 
new organisms, like that in the body of which they were formerly enclosed. 
One of the necessary conditions is, with rare exceptions, the union of the germ- 
cells in pairs to form zygotes or fertilised ova; but I propose, in the first 
instance, for the sake of simplicity, to leave out of account the existence of the 
sexual process and the re.sults tliat follow therefrom, postponing the considera- 
tion of these to a later stage of our inquiry. I wish, moreover, to make it quite 
(•le«'ir that organic evolution must have taken place if no such event as amphimixis 
had ever occurred. 

What, then, may the germ-cells be expected to do? How are they going to 
begin tlieir development? In endeavouring to answer this question we must 
remember that the behaviour of an organism at any moment depends upon two 
.sets of factors — the nature of its own constitution on the one hand, and the 
nature of its environment on the other. If these factors are identical for 
any two individual organisms, then the behaviour of these two individuals must 
be the same. If the germ-cells of any generation are identical w'th those of the 
preceding generation, and if they develop under identical conditions, then the 
soma of the one generation must also be identical with that of the other.* 
Inasmuch as they are parts of the same continuous germ-plasm— leaving out 
of account the complications introduced by amphimixis— we may assume that 
the germ-cells of the two generations are indeed identical in nearly every 
respect ; but there will be a slight difference, due to the fact that those of the 
later generation will have inherited a rather larger supply of initial energy and a 
slightly greater facility for responding to stimuli of various kinds, for the 
gradual accumulation of these properties will have gone a stage further. The 
^environment also will be very nearly identical in the two cases, for we know 
from experiment that if it were not the organism could not develop at all. 

° This is, of course, a familiar idea. Compare Driesch, Qifford Lectures, 
1907, p. 214. 
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Thtoaghotit the tvhole eotirse of its onto|^ny the orgeni^tj) iiiufli Yef^t with 
'4][>proxiiiwte accuracy the stages passed through by Its aneastmrsp because at 
^very stage there will be an almost identical organism exposed to almost identical 
stimuli. We may^ however, expect ah acceleration of development and a slight 
additional progress at the end of ontogeny as the result of the operation of the law 
of the accumulation of surplus energy and of the slightly increased facility in re- 
sponding to stimuli. The additional progress, of course, will probably be so 
slight that from one generation to the next we should be quite unable to detect 
it, and doubtless there will be frequent backslidings due to various causes. 

We can thus formulate a perfectly reasonable explanation of how it is that 
the egg first undergoes segmentation and then gives rise to a blastula resembling 
a liolTorw protozoon colony ; it does so simply because at every stage it must do 
what its ancestors did under like conditions. We can also see that progressive 
evolution must follow from the gradual accumulation of additions at the end of 
each ontogeny, these additions being rendered possible by the better start which 
each individual gets at the commencement of its career. ' 

Let us now glance for a moment at the next stage in phylogeny, the con- 
version of thq, hollow spherical protozoon colony into the ccelenterate type of 
organisation, represented in ontogeny by the process of gastrulation. Here 
again it is probable that this process is explicable to a large extent upon 
mechanical principles. According to Bhtimbler,^ the migration of endodeirm 
cells into the interior of the blastula is partly due to chemotaxis and partly to 
changes of surface tension, which decreases on the inner side of the vegetative 
cells owing to chemical changes set up in the blastocoel fluid. 

We may, at this point, profitably ask the question, Is the endoderm thus 
formed an inherited feature of the organism? The material of which it is 
composed is of course derived from the egg cell continuously by repeated cell* 
division, but the way in which that material is used by the organism depend.i 
upon tlie environment, and we know from experiment that modifications of the 
environment actually do produce corresponding modifications in the arrangement 
of the material. We know, for example, that the addition of salts of lithium 
to the water in which certain embryos are developing causes the endoderm to be 
protruded instead of invaginated, so that we get a kind of inside-out gastrula, 
the well-known lithium larva. 

It appears, then, that an organism rc^Uy inherits from its parents twjo things : 
(1) a certain amount of protoplasm loaded with potential energy, with which to 
begin operations, and (2) an appropriate environment. Obviously the one is useless 
without the other. An egg cannot develoo unless it is provided with the proper 
environment at every stage. Therefore, when we say that an orpnism inherits a > 
particular character from its parents, all we mean is that it inherits the power 
to produce that character unaer the influence of certain environmental stimuli.* 
The inheritance of the environment is of at least as much importance as the 
inheritance of the material of which the organism is composed. The latter 
indeed is only inherited to a very small extent, for the amount of material in 
the egg-cell may be almost infinitesimai in comparison with the amount present 
in the adult, nearly the whole of which is captured from the environment and 
assimilated during ontogeny. 

From this point of view the distinction between somatogenic and blastogenic 
characters really disappears, for all the characters of the adult orj^anism are 
acquired afresh in each generation as a result of response to environmental 
stimuli during development. This is clearly indicated by the fact that you^. 
cannot change the stimuli without changing the result. / 

" Time forbids us to discuss the phylogenetic stages which the ccslen;^''; 

terate passed into the coelomate the coslomate into the chordate, and the / 
chordate into the primitive vertebrate. We must admit^'that as yet we know .* 
nothing of the particular causes that determined the actual course of evolution: 
at each successive stage. What we do know, however, about the Influence of 
the environment, both upon the developing embryo and upon the adult, is ; 

? Quoted by Przibtaitt, Bx^fimentci Zocio^, Enjg^hih Trans:, ?art T., p. '49/}' 

* Compare J)r: Archdall Keid's suggesUya . Terms;; 
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cieni to justify ui^ in belieVUi^ that every successive modification musi have been 
due to a response on the part of the organism to some environmental change. 
Even if the external conditions remained practically identicid throughout long 
periods of time, we must remember that the internal conditions would be 
aifierent in each generation, because each generation starts with a slightly 
increased capital and carries on its development a little further under internal 
conditions modified accordingly. 

At this point it may be asked, Is the response to environmental stimuli a purely 
mechanical one, and, if so, how can we account for the fact that at every stage 
in its evolution the organism is adapted to its environment? We shall have to 
’ return to this question later on, but it may be useful to point out once more 
that there is good reason to believe->especiallv from the experimental work of 
Jennings->that the response of even a unicellular organism to stimuli is to a 
large extent purposive; that the organism learns by experience, by a kind of 
process of trial and error, how to make the response most favourable to itself 
under any given change of conditions ; in other words, that the organism selects 
those modes of response that are most conducive to its own well-being. Under the 
term response to stimuli we must of course include those responses of the living 
protoplasm which result in modifications of bodily structure, and hence the 
evolution of bodily structure will, on the whole, he of an adaptive character 
and will follow definite lines. There is good reason for believing, however, that 
many minor modifications in structure may arise and persist, incidentally as it 
were, that have no significance as adaptations. 

One of the most remarkable and distinctive features of the lower vertebrates 
is the presence of gill-slits as accessory organs of respiration. These gill-slits 
are clearly an adaptation to aquatic life. When the ancestors of the highei 
vertebrates left^the water and took to life on laud the gills disappeared and 
were replaced by lungs, adapted for air-breathing. The change must, of course, 
have been an extremely gradual one, and we get a very clear indication of how 
it took place in the surviving dipnoids, which have remained in this respect in 
an intermediate condition between the fishes and the amphibia, possessing and 
using both gills and lungs. 

We also know that even the most highly specialised air-breathing vertebrates, 
which never live in water and never require gills or gill-slits at all, nevertheless 
possess very distinct gill-slits during a certain period of their development. This 
is one of the most £uniliar illustrations of the law of recapitulation, and my 
only excuse for bringing it forward now is that I wish, before going further, to 
consider a difficulty — perhaps more apparent than real— that arises in connection 
with such cases. 

It might be argued that if gill-slits arose in response to the stimuli of aquatic 
life/ and if these stimuli are no longer operative in the case of air-breathing 
vertebrates, then gill-slits ought not to be developed at any stage of their 
existence. This argument is, I think, fully met by the following considerations. 

At any given moment of ontogenetic development the condition of any organ 
is merely the last term of a seri^ of morphogenetic stages, while its environ- 
^ment at the same moment — which of course indudes its relation to all the other 
^organs of the body — ^is likewise merely the last term of a series of environmental 
stages. We have thus two parallel series of events to take into consideration in 
endeavouring to account for the condition of any part of an organism— or of the 
organism as a wholorr-at any period of its existence 

El £a E;) ' . * Ea environmental stages. 

M 2 M» morphogenetio stages. 

Ontogeny is absolutely conditioned by the proper correlation of the stages of 
these two series at every point, and hence it is that any sudden change of 
eni^nment is usually^ attended by disastrous consequencee. Thus, after the 
» fish'Xke aiipestors of air-breathing vertebrates had left the water and become 
amphibians, they doubtless still Imd. to go back to the water to lay their eggs, 
in order that the eggs might have th6 proper conditions for their development. 

/ . Obviously . the environment can. only be altered with extreme slowness, and » 
one of the ihst "unties 'of the parent is to provide for tile developing ofispring 
, conditionil as\neerlx A|^' possible idivitical witn those under which its own develop- 
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meat took place. It is« However, inevitable thatV ae phylogenetic evolution pro- . 
'gresdea^ the conditiona under which the young oigankm developa should change. 
In the first place,^ the mere tendency to acceleration of development, to which 
have already referred, must tend to dislocate the correlation between the 
ontogenetic series and the environmental series. Something of this kind seems 
to have taken place in the life-cycle of many Hydrozoa, resulting in tlie sup- 
pression of the free medusoid generation and the gradual degeneration of the 
gonophore. But it is probably in most cases change in the environment of the 
adult that is responsible for such dislocation. 

To return to the case of the amphibians. At the present day some amphi- . 
bians, such as the newts and frogs, still lay their eggs in water, while the 
closely related salamanders retain them in the oviducts until they have developed 
into highly organised aquatic larvs», or even into what is practically the adult 
condition. Kammerer has shown that the period at which the young are born 
can be varied by changing the environment of the parent. In the absence of 
water the norma lly aquatic larvte of the spotted salamander may bo retained in 
the oviduct until they have lost their gills, and they are then born in the fully- 
developed condition, while, conversely, the alpine salamander, whose young are 
normally born in the fully-developed state, without gills, may be made to deposit 
them prematurely in water in the larval, gill-bearing condition. 

There can be no doubt that the ancestral amphibians laid their eggs in water 
in a completely undeveloped condition. The habit of 1 ‘etaining them in the body 
during their development must have arisen very gradually in the phylogenetic 
history of the salamanders, the period for which the young were retained 
growing gradually longer and longer. It is obvious that this eliange of habit 
involves a corresponding change in the environmental conditions under which 
the young develop, and in cases in wliich the young are not born until they 
have reached practically the adult condition "this change directly affects 
practically the whole ontogeny. We may say that the series 

KiEa ICn has become 

E » u I f f 

X XS14 C13 •*.•••. J!<ll , 

and as the change of environment must produce its effect upon the developing 
organism the series 

Mi M. M,, M/I will have become 

M/ mV m; M«'. 

We must remember that throughout the wiiule course of phylogenetic evolii- 
tioii this series is constantly lengthening, so that what was the adult condition 
at one time becomes an embryonic stage in future gonerutious, and that the 
scries thus represents not only the ontogeny, but also, though in a more or less 
imperfect manner, the phylogeny of the organism. 

The character of each stage in ontogeny must depend upon (1) the morpho- 
logical and physiological constitution of the preceding atage, and (2) the nature 
of the environment in which development is taking place. We cannot, however, 
distinguish sharply between those two sets of factors, for, in a certain sense, ' 
. the environment gradually becomes incorporated in the organism itself as 
development proceeds, each part contributing to the environment of all the 
remainder, and the influence of this internal portion of the environment ever 
becoming niore and more important. > 

' The whole process bf evolution depends upon changes of ^environment' taking 
place so gradually that the necessary self-adjustment bf the organism at every . 
stage is possible. In the case of our amphibia the egga could probably undergo 
the first stages of development, the preliminary segmentation, within the oviduct 
of the parent just as well as in the water, for in both cases they would be 
enclosed in their envelopes, and the morphological differences between the 4arly 
stages in the two cases might be exp'ected to be quite insi^ificant. But it 
must be the same at each term of the series, for each term is built upon the 
foundation of the preceding one, and the whole process takes place by slow and 
imperceptible degrees., 

It is true that by the time we reach the formation of. the vestigial gill-slits 
in the embryo qf^ue.of the highjsr vertebratos,,|&e:.^yir<^meu^^^ conditions are 
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very dilfereni from Hum midit which gUl-sliis were developed iu their aquatic 
ancesiore* But what theaf Are not the nil-elite also very diiferentT The 
changed environment has had its eflect The gills themselves are nevei 
developedi and the gill*slits never become functional; moreover^ they disappeai 
* )tely at later stages of development, when the conditions of life b^m 




and especially the internm conditions, which have now become far more 
important than the external ones, are still such as to cause them to do so. 

1 think the chief difficulty in forming a mental picture of the manner in 
which evolution has taken place, and especially in accounting for the phenomenon 
of recapitulation in ontogeny, which is merely another aspect of the same 
problem, arises from attempting to take in too much at once. There is no 
difficulty in understanding how an;)r particular stage is related to the correspond- 
ing stage in the previous generation, and the whole series of stages, w'hether 
looked at from the ontogenetic or from the phylogenetic point of view, can be 
nothing else but the sum of its successive teims. 

it will be convenient, before going further, to sum up the results at which 
we have so far arrhed from the point of view of the theory of heredity. Wo 
have as yet seen no reason to distinguish between somatogenic and blastogcnic 
cliaractcrs. All the characters of the adult animal are acquired duiing onto- 
geny as the lOhuU of the readion of the organism to environmental stimuli, 
both inieinal and exteinal. All that the organism actually inherits is a ceitain 
amount of protoplasm — endowed with a certain amount of energy — and a certain 
sequence of cnvironinental conditions. In so far as these are identical m any 
two successive generations the final result must be identical also, the child must 
icscinble the i^aicnt; in so far as they are different the child will differ from 
the parent, but the differences in environment cannot be very great without 
pi eventing development altogether. 

So far, it is clear, there has been no need to think of the germ cells as 
the bearers of material factors or determinants that are responsible for the 
appearance of particular characters in the adult organism ; nor yet to suppose 
that they are, to use the phraseology of the mncmic theory of heredity, charged 
with the memories of past generations. They have been regarded as simple 
[irotoplasmjc units, and Uio entire ontogeny has appeared as the necessary result 
of the reaction between the org^inism and its environment at each successive 
htiigo of development. This cannot, howe\cr, be a complete explanation of 
ontogeny, for if it weie we should expect all eggs, when allowed to develop 
under the same conditions from start to finish, to give rise to the same adult 
foini, and thih we know is not the case. We know' also, from observation and 


experiment, that the egg is in reality by no means a simple thing but an 
extremely complex one, and that different parts of the egg may be definitely 
correlated with corresponding parts of the adult body. It has been demon- 
strated in certain cases that the egg contains special organ-forming substances 
definitely located in the cytoplasm, and that if these are removed definite parts 
of the organism into which the egg develops will be missing. We know, also, 
that the nucleus of the germ-cell of either sex contains — at any rate at certain 
periods— a number of perfectly well-defined bodies, the chromosomes, and these 
also have been definitely correlated in certain cases with special features of the 
adult organisation 

Before w^e can hope to complete our mental picture of the manner in which 
organic evolution has taken place, if only in outline, it is evident that we must 
bo able to account for the great complexity of structure w'hich the germ-cells 
themselves have managed to acquire, and also to form some idea of the effect of 
this complication upon the development of both the individual and the race. 

We must consider the origin of cytoplasmic and nuclear complications of the 
egg separately, for they appear to be due fundamentally to two totally distinct 
sets of factors. In the first place we have to remember that during oogenesis 
the egg-cell grows to a relatively large size by absorbing nutrient material from 
the body in which it is enclosed. It is this nutrient material that is used for 
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. .mpitia expertmento tbat ihe bo^ fiiiidi d dosdy allM B{>«ciet; pr bvea of the 
sexes of the same spemes, oo exhil^t distinotiy recognisable differences ^iir 
Chemical composiUom It ako appears highly probame^ if not ecvtain, from such 
Experiments as those of Agv upon Simocephalni^ that snbiitanoes tahen in with 
•rthe food and which bring abont oonspicuous piodificatione of bodily structure, 
' at. the same time be absorbed and stored up by the egg«celle so as to bring 
^ elm eorreepondtng changes in the aduHs into which the eggs dev^p. 

‘ ^^There seems therefore to be no great difficulty in comprehending, at any rate 
tin a general way, how the egg may become the repository of dennite chemical 
^ snbstanoes, organ^foming substances if we like to call them so, possibly to be 
classed with the hormones and enzymes, which will influence the development in 
a particular manner as soon as the appropriate conditions arise. 

Unfortunately, time wiU not allow of our following up this line of thought 
the present occasion, but we may notice, before passing on, that with the 
accumulation of orgau-forming substances in the egg we have introduced the 
)088ibility of changes in bodily structure, to whatever cause they moy be due, 
leittg represented by correlated modifications in the jerm-cells, ad this is doubt' 
ess one of the reasons why the germ-cells of different animals are not all aliki 
nrlih regard to their rotentialitios of development.' 

We now come to the question of how the nucleus of the germ-cell acquired iit 
zreat complexity of structure. We are not concerned here with tlie origin of tlH 
iifferentiation into nucleus and cytoplasm and the respective parte played by th< 
two in the life of the cell. The problem which we have to consider is the com 
plication introduced by the sexual process, by the periodically recurring unioi 
)l the germ-cells in pairs, or. as Weismann has termed it, amphimixis. This ii 
neU known to be essentially a nuclear phenomenon, in which the so-calleo 
ffiromatin substance is especially concerned, and it is a phenomenon which must 
[lave made its appearance at a very early stage of evolution, for it is exhibited 
in essentially the same manner alike in the higher plants and animals and ii 
unicellular organisms. 


Let us suppose, for the sake of argument, that when amphimixis first tool 
place the chromatin of each germ-cell was homogeneous, but that it differec 
slightly in different germ-cells of the same species as a result of exp<»ure t( 
slightly different conditions during its past history. What would to likely ti 
happeu when two different samples of chromatin came together in the zygote 
The result would surely depend upon the interaction of the complex colioida 
mQltimoleculet4>f which the chromatin is composed. Various possibilities woulc 
arise. ( 1 ) The two samples might differ in such a way as to act as poikons to cm 
another,, distnrbing each other's molecular equilibrium to such an extent tha 
neither c^d; survive. This is possibly what happens when an ovum is fertilised 
by a spemmiozooh of a distinct species, though theie are, of course, exceptions 
( 2 ) They might be so alike as to be able to amalgamate more or less completely 
so that there would simply be an increase of chromatin of possibly more or lesi 
modified constitution* ( 3 } They might continue to e^t side by side, eacl 
maintainiiig its own individual character. - ^ ^ ' > 

In the third case the tinion of the two different sample would give rise to 
mass of chromatiu of twofold nature, and repetition of the process from genera 
'^rion to generation would, as .Wrismann mk' shovm/^ 
he^rog^Hy, until the dhromatin came to consist of a hiamber of differan 
conct^ particles, each of which might conceivably dilE^ 'trite all the others 
^ttt'wheh two heterogeneous masses of chromatin meet in theuygte there ma; 
be all sorts of mutual atiraciiona and repulsions between Uie differte colioida 
tpigdtimQlecules, for all three of our supposed cases may aiTise aimultaneously 
and tter the restdts may become extremely complicated; ’ ^ 

Thi;^hromatin ,of the germ-cella in all existing orgaiiuimi;k fihddhbi^: 
be^g^^Us; and this hmogenelty may to some., extent ^ 

*^vcep(t.>| CuimioghamV.^BomQne. Theory* of . Saredity ftArcAiVr /e 
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■^All this complekity 6| stnmtare may be atiriWrted. to the’ effects of oft® 
moated amphimixis; $ ,vtew which is supported in the most striking maimer by 
the fact that the nu^ec^e .all ordinary somatic cells (in animals and in the 
diploid' generatidn.pf "pls^t^i^ a double set of. chromosomes, one derived from 
the male and the oiner from the female parent, and by thd'^'wdl-known 
phenomenon of chromatin reduction which always precedes amphimixis. 

When we approach the problem of heredity from the experimental side we 
get very strong evidence of the existence in the germ-plasm of definite material 
substances associated with the inheritance of special characters. Mendelian 
workers generally speak of these substances as factors, but the conception of 
factors is evidently closely akin to that of Weismand’s hypothetical determinants. 
The cytological evidence fits in very well with the view that the factors in ques- 
tion may be definite material particles, and it is quite possible that such particles 
may havo a specific chemical constitution to which their effects upon the 
developing organism are due. 

From our point of view the interesting thing is' the possibility that arises 
through the sexual process of the permutation and combination of different 
factors derived from different lines of descent. A germ-cell may receive addi 
tions to its Collection of factors or be subject to subtractions therefrom, and in 
cither case the resulting organism may be more or less conspicuously modified. 

By applying the method of experimental hybridisation a most fruitful anc 
apparently inexhaustible field of research has been opened up in this direction 
in the development of which no one has taken a more active part than the presenl 
President of the British Association. There cannot be the slightest doubt thai 
a vast number of characters are inherited in what is called the Mendeliar 
manner, and, as they are capable of being separately inherited and interchanged 
with others by hybridisation, we are justified in believing that they are separatel) 
represented in the germ-cells by special factors. Important as this result is 
I believe that at the present time there exists a distinct danger of exaggerating 
its significance. The fact that many new and apparently permanent combinatiom 
of characters may arise through hybridisation, and that the organisms thus pro- 
duced have all the attributes of what wo call distinct species, does not justify us 
in accepting the grotesque view — as it appears to me— that all species have arisen 
by crossing, or even the view that the organism is entirely built up of separate!} 
transmissible ' unit characters.’ 

Bateson tells us that * Baur has for example crossed species so unlike at 
Antirrhinum maps and molle^ forms differing from each other in almost ever} 
feature of organisation.’ Surely the latter part of this statement cannot be cor 
reel, for after all Antirrhinum majua and molh are both snapdri^gons, and 
exhibit all the essential characters of snapdragons. 
i I think it is a most significant fact that the only characters %hich appe&i! 
to be inherited in Mendelian fashion are comparatively trivial features of the 
organism which must have arisen during the last stages of phylogeny. This is 
^ necessarily the case, for any two organisms sufficiently nearly related to be 
capable of crossing are identical as regards the vast majority of their dyuracters. 
It is only those few points in which they differ that remain to be experimented 
on. Moreover, the characters in question appear to be all non-adaptive, having 
no obvious relation to the environment and no particular value in the struggle 
existenc^' : kre clearly what Weismann calls blastugeuic characters, 

!.V>^iiAting in' tile ' ^erm-plasm, and are probably identical with the mutations 

de Vries. These latter are apparently chromatin-determiiied characters, for, 
//as Dr. Gates' has recently shown in the case of (Enothera, mutation may result 
v jfrom abno^rmal distribution of the chromosomes in the reduction division.* 

Vf '; We have next *to inquire whether or not the Mendelian results are really in 
iny .way inconsistent with the general theory of evolution outlined in the earlier 
Here we am obviously face to lace with the old dispute 
TOtW«6n.^j^piga^ and preformation. The theory of ontogeny which 1 first 

vol .50, p. 567. . 
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put forward is clearly epigenetic in character, while the theory o? unit characters, 
represented in the germ-cells by separate ‘ factors,’ is hardly less clearly a 
theory of preformation, and of course the conception of definite organ-forming 

f ubstances in the cytoplasm falls under the same category. The point which 
now wish to emphasise is tliat the ideas of epigenesis and preformation are not 
inconsistent with one another* and that, as a matter of fact, ontogenetic develop- 
ment is of a dual nature, an epigenesis modified by what is es.sentially pi-e- 
formation. * 

W’e have already dealt briefly with the qnestioii of organ- forming substances 
in the cytoplasm, and it must, 1 think, be clear that the existence of these is in 
no way incompatible with a fundamental epigenesis. Wo shall find directly 
that the same is true of Mendelian ‘ factors ’ or Weisinaniiiun ‘ determinant.H.’ 

We have seen that it is possible to conceive of even a complex organism as 
inheriting nothing from its parent but a minute speck of protoplasm, endowed 
with potential energy, and a sequence of suitable euvirpnmcnts, the inteructioii 
between the two bringing about a similar result in each succeeding generation, 
with a slow progressive evolution due to the operation of tho law of accumulation 
of surplus energy. If any of the conditions of development are changed tl;o 
result, as manifested in the organisation of the adult, must undergo a correspond- 
ing modification. Suppose that the chromatin substance of tho zygote is partially 
modified in molecular constitution, perhaps by tin', direct action of the environ- 
ment, as appears to happen in the case of Tower's experiments on mutation in 
the potato beetle, or by the introduction of a diilercnt sample of chromatin from 
iinothcr individual by hybridisation. What is the germ-plasm now going to do ? 
When and how may the changes that have taken place in its constitution be 
expected to manifest themselves in the developing organi.'^m ‘i 

Let us con.<*ider what would be likely to liappen in tho first 8tuge.s of 
ontogeny. If the germ-plasm had remaiiic<i unaltered tho zygote would have 
divided into blastuniere.s under the stimuli of the same conditions, both internal 
and external, as those under which the corrc.sponding divisions took place in 
preceding generations. Is the presence of a number of new colloidal multi- 
molecules in the germ-plasm going to prevent this? Tho answer to this question 
probably depends partly upon the proportion that the new multimoleeulos bear 
to the whole mass, and partly upon the nature of the modification that has taken 
place. If the existence of the new multimolccules is incompatible with the 
proper functional activity of the germ-plasm as a whole there in an end of tho 
matter. Tho organism does not develop. If it is not incompatible we must 
suppose that the zygote begins its development as before, but that sooner or later 
the modification of the germ-plasm will manifest itself in the developing 
organism, in the first instance as a mutation. In cases of hybridisation wc may 
get a mixture in varying degrees of the distinguishing characters of the two 
parent forms, or we may get complete dominance of one form over the otlicr 
iu the hybrid generation, or we may even get some new form, tho result depend- 
ing on the ^utual reactions of the difierent constituents of the germ-plasm. 

The organism into which any zygote develops must be a composite body, 
deriving its blastogenic characters from different sources ; but this cannot affect 
its fundamental structure, for the two parents must have been alike in all 
essential respects or they could not have interbred, and any important differences 
in the germ-pla.sm must be confined to the * factors * for the differentiating 
characters. The fundamental structure still develops epigenetically on the basis 
of an essentially similar germ-plasm and under essentially similar conditions as 
in the case of each of ilie two parents, and there is no reason to suppose that 
special * factors ’ have anything to do with it. 

We thus see how new unit characters may be added by mutation and ifiter- 
changed by hybridisation while the fundamental constitution of the organism 
remains the same and the epigenetic course of development is not seriously 
affected. All characters that arise in this way must be regarded, froin the, 
point of view of the organism, as chance characters due to chance tn6difications\ 
of the germ-plasm, and they appear to have comparatively little influence upon 
the course of evolution. . . " 

One of the most remarkable features of organic evolution is that it results 
ui the' adaptation of the organism to its environment, 'ftnd for this adaptationf, 
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mutation and hybridisation utterly fail to account. Of course the argument of 
natural selection is called in to get over this difficulty. Those organisms which 
happen to exhibit favourable mutations will survive and hand on their advan- 
tages to the next generation, and so on. It has frequently been pointed out 
that this is not sufficient. Mutations occur in all directions^ and the chances of 
a favourable one arising are extremely remote. Something more is wanted, and 
this something, it appears to me, is to be found in the direct response of the 
organism to environmental stimuli at all stages of development, whereby in- 
dividual adaptation is secured, and this individual adaptation must arise again 
and again in each succeeding generation. Moreover, the adaptation must, as 
I pointed out before, tend to be progressive, for each successive generation builds 
upon a foundation of accumulated experience and has a better start than its 
predecessors. 

Of course natural selection plays its part, as it must in all cases, even in 
tlie inorganic world, and I believe that in many cases — as for example in pro- 
tective resemblance and mimicry — that part has been an extremely important 
one. But much more important than natural selection appears to me what 
Baldwin ' has termed ' Functional Selection,* selection by the organism itself, 
out of a number of possible reactions, of just those that are required to meet 
any emergency. As Baldwin puts it, ‘ It is the organism which secures from 
all its overproduced movements those which are adaptive and beueficLul.* 
Natural selection is here replaced by intelligent selection, for I think we must 
agree with Jennings * that we cannot make a distinction between the higher and 
the lower organisms in this respect, and that all purposive reactions, or adjust- 
inei'ts, are essentially intelligent. 

Surely that mucli-abused philosopher, Lamunk, was not far from the triitli 
when ho said, * The production of a new organ in an animal body results from a 
new requirement which continues to make itself felt, and from a new movement 
winch this requirement begets and maintains.* * Is not this merely another way 
of saying that the individual makes adaptive responses to environmental stimuli 
Where so many people fall foul of Lamarck is with regard to his belief in the 
inheritance of acquired characters. But in speaking of acquired characters 
Lamarck did not refer to such modificatiuiis as mutilations; he was obviously 
talking of the gradual self -adjustment of the organism to its environment. 

We are told, of course, that such adjustments will only be i)reserved so long 
as the environmental stimuli by which they were originally called for continue 
to exerc’ise their influence. Those who raise this objection are apt to forget that 
this is exactly what happens in evolution, and that the sine ywo «o/i sHE develoj)- 
ment is the proper maintenance of the appropriate euviroiiineut. both internal 
and cxtertml. Natural .selection sees to it that the proper eomlitions are nuiin- 
tained withiii very narrow limits. 

A great deal of the confusion that has arisen with regard to the question of 
the inheritance of acquired characters is undoubtedly due to the quite unjustifl- 
iible limitation of the idea of ‘ inheritance ' to which vve have accustomed our- 
selves. The inheritance of the environment is, as I have already said, just as 
important as the inheritance of the material foundation of the body, and whether 
or not a newly acquired character will be inherited must depend, usually at 
any rate, upon whether or not the conditions under which it arose are inherited. 
It is the fashion nowadays to attach very little importance to somatogenic 
characters in discussing the problem of evolution. The whole fundamental 
structure of the bodv must, however, according to the epigenetic view, be due to 
the gradual accumulation of characters that arise as the result of the reactions 
of the organism to its environment, and which are therefore somatogenic, at any 
rate in the first instance, though there is reason to believe that some of them 
may find expression in the germ-cells in the formation of organ-forming sub- 
stances, and possibly in other ways. Blastogenic characters wh^ actually 
originate in tlie germ-cells appear to be of quite secondary importance 

We still have to consider the question. How is it that organic evolution has 

, . ^ Development and Evolution (New York, 1902), p. 87. 

, • DeJiaviour of ilu Lower Organisms (New York, 1906), pp. 334, 335. 

• Ilistoirc naturelle des Animaux sans Verttbres, tom. i. 1815, p. 185. 

• ' 
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led to the formation of tlios 0 more or less weH-marked groups of organisms >vliich 
, we call species T We have to note in the first place triat there is no unanimity 
of opinion amongst biologists as to what a species is. Lamarck insisted that 
, nature recognises no such things as species, and a great many people at the 
present day are, 1 think, still of the same opinion. In practice, howeveri every 
naturalist knows that there aro natural groups to which the vast majority <h 
individuals can be assigned without any serious difficulty. Charles Darwin main- 
tained that such groups arose, under the influence of natural selection> through 
gradual divergent evolution and the extinction of intermediate forms. To-day 
we are told bv de Vries that species originate as mutations which propagate 
themselves witnout alteration for a longer or shorter period, and by Lotsy that 
species originate by crossing of more or less distinct forms, though this latter 
theory leaves quite unsolved the problem of where the original forms that crossed 
with one another came from. 

I think a little reflection will convince us that the origin of species is a 
different problem from that of the cause of progressive evolution. We can‘ 
hardly doubt, however, that Darwin was right in attributing prime importance 
to divergent evolution and the disappearance of coimecting links. It is obviou) 
that this process must give rise to more or less sharply separated groups oi 
individuals to which the term species may be applied, and that the difference, 
between these species must be attributed ultimately to differences in the response 
of the organism to differing conditions of the environment. It may be urgec 
that inasmuch as different species are often found living side by side unde 
identical conditions the differences between them cannot have arisen in this way 
but we may be quite certain that if we knew enough of their past history wi 
should find that their ancestors had not always lived under identical conditions. 

The case of flightless birds on oceanic islands is particularly instructive ii 
this connection. The only satisfactory wav of explaining the existence of sucl 
birds is by supposing that their ancestors had well developed wings, by the ait 
of which they made their way to the islands from some continental area. Th' 
conditions of the new environment led to the gradual disuse and consequcii 
degeneration of the wings until they either became useless for flight or, in th 
case of the moas, completely disappeared. It would be absurd to maintaii 
that any of the existing flightless birds are specifically identical with th< 
ancestral flying forms from which they are descended, and it would, it appears b 
me, be equally absurd to suppose that the flightless species arose by mutation o 
by crossing, the same result being pruduced over and over again on differen 
islands a«d in different groups of birds. This is clearly a case where th 
environment has determined the direction of evolution. 

In such cases there is not the slightest ground for believing that crossing ha 
had anything whatever to do with the origin of the different groups to which th 
term species is applied; indeed the study of island faunas in general indicate 
very clearly that the prevention of cro.ssing, by iHolatioii, has been one of th 
chief factors in the divergence of lines of descent and the consequent multipli 
cation of species, and Romanes clearly showed that even within the sam 
geographical area an identical result may be produced by mutual sterility, whicl 
is the cause, rather than the result, of specif distinction. 

" ' Species, then, ma^ clearly arise by divergent evolution under chaugiiij 
conditions of the environin^t, and may become separated from one another b; 
the extinction of intermediate forms. The euvii'onmental stimuli (including, o 
course, the body as part of its own environment) may, however, act in two dif 
’ fetent ways ; (I) Upon Ihe body itself, at any stage of its development, tendiii 
to cause adaptation by individual selection of the most appropriate response ; ani 
(2) upon the germ-plasm, causing mutations or sudden dianges, sports, in fact 
whi^ appear to have no direct relation whatever to ihe wdl-being of th 
organism^ which they appear, but to be purely accidental. Such mutation 
mre, of^JUnrse, inherited, antL inasmuch as the great majority of specifi 
characters app^r to itave no adaptive significance, it seems likely that mutatio: 
bad a great d^ to do with the origin of species, thou^ ft may 
to dO' with progressive evolution. 

^ ' > igplarly with regard to hybridisation, we know that vast numbers of 
forms: ,that breed true, may produced in ibis <wayA,.hgtJ|iey ,are iimpl 
dao;to*iri^]tnbinali6n8.of.jbuta|ii^ 



PKBSIDBNTIAL ADDRESS. 397 

liavfl v6ry little beating upon tbe probleid'of evolution. If we like to call the 
new groups of individuals that originate thus 'species/ well and good, but it 
only means that we give that name, as a matter of convenience^ to any group 
of closely related, individuals which are distinguished by recognisable characters 
from the individuals of all other groups, and which hand on those characters to 
their descendants so long as the conditions remain the same. This, perhaps, is 
what we should and just as we have learnt to regard iUdividuida as the 
temporary offspriitj^of a ^tinuous stream of germ-plasm, so we must regard 
species as the somewhat more permanent but nevertheless temporary offshoots' 
of a continuous line of progressive evolution. Individuals are to species what 
the germ-plasm is to individuals. One species does not arise from another 
species, but from certain individuals in that species, and when all the individuals 
become so specialised as to lose their power of adaptation, then changes in the 
environment may result in the extinction of that lino of descent. 

It is hardly necessary to point out that no explanation that we are able to 
give regarding the causes of either phylogenetic or ontogenetic evolution can be 
complete and exhaustive. Science can never hope to get to the bottom of things 
in any department of knowledge; there is always something remaining beyon^ 
our reach. If wo are asked why an organism chooses the most appropriate 
response to any particular stimulus, we may suggest that this is the response 
that relieves it from further stimulation, but we cannot say how it learns to 
choose that response at once in preference to all others. If we are asked to 
account for some particular mutation, we may say that it is due to some modifi- 
cation in the constitution or distribution of the chromosomes in the germ-cells, 
but oven if we knew exactly what that modification was, and could express it 
in chemical terms, we could not really say why it produces its particular result 
and no other, any more than the chemist can say why the combination of two 
gases that ho calls oxygen and hydrogen gives rise to a liquid that he calls water. 

There is one group of ontogenetic phenomena in particular that seem to defy 
all attempts at mechanistic interpretation. I refer to the phenomena of restitu. 
tion, the power which an organism possesses of restoring the normal condition 
of the body after it has been violently disturbed by some external agent. The 
fact that a newt is able to regenerate its limbs over and over again after they 
have ^en removed, or that an echinoderm blastula may be cut in half and 
each half give rise to a perfect larva, is one of the most surprising things in the 
domain of biological science. We cannot, at present at any rate, give any satis- 
factory mechanistic explanation of these facts, and to attribute them to the 
action of some hypothetical Entelechy, after the manner of Professor Hans 
Driesch, is simply an admission of our' inability to do so. We can only say that 
in the course of its evolution each organism acquires an individuality or whole- 
ness of its own, and that one of the fundamental properties of living organisms 
is to maintain that individuality. They are able to do this in a variety of 
ways, and can sometimes even replace a lost or^an out of material quite different 
from that from which the organ in question is normally developed, as in the 
case of the regeneration of the lens of the eye from the iris in the newt. That 
there must be some mechanism involved in such cases is, of course, self-evident, 
and we know that that mechanism may sometimes go wrong and produce 
monstrous and unworkable results; but it is, I tliink, equally evident tliat the 
organism must possess some power of directing the course of events, so aa 
generally to secure the appropriate result; and it is just this power of directing 
chemical and physical processes, and thus employing them in its own interests, 
that distinguiwes a living organism from an inanimate object. 

In conclusion I ought, perhaps, to apologise for the somewhat dogmatic tone 
of my remarks. I must ask you to believe, however, that this does not arise 
from any^esire on my part to dogmatise, but merely from the necessity, of 
compressing what I wished to say into a totally inadequate space. Many years of 
patient work are still needed before we can hope to solve, even appioximately, 

• the problem of organic evolution, but it seemed to me permissible, on the 
f occasion, to indulge in a general sui^ey of the situation, and see how 

far ttl might be possible to reconcile conflicting views^ and bring together a 
number of ideas derived from many sources in one consistent theory. 
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3. Sdinf Notes on a Collepiion *oj Anslralian Frogs. 

By S. Booth, M.C.E., B.Sc, 

Tho work of which this paper is the outcome was undertaken in the hope 
,o£ finding some method of determination and identification of Batrachian 
species, without resort to the slight dissection necessary to examine the sternal 
apparatus and the sacral vertebrae. The material made use of was the cob 
lection of frogs at the Melbourne University, together with some of the s}>ecl- 
mens from the National ^fiiseum, and a few privately collected, 

In accordance with this original intention, stress was laid on external shape, 
and ifi order to render the description of shape more definite the particulars 
were expressed as far as possible numerically and in proportional measurements. 
The length of the specimen, from snout To vent, was taken as ji basis, and 
other dimensions expressed in terms of it. 

To facilitate these measurements, a scale w»a.s devised, hy which the length 
of the specimen in tnilliniMres, «and other dimensions in proportional innts, 
could easily be read off from the callipers. The particulars selected as most 
sati.^factory for measurement were : — The depth of tho chest ; the length and 
breadth of the head; the length of the snout; the distances from eye to nostril, 
and between the naves; the diameter of the orbit; the wultli of tlie upper 
eyelid; tho di.stance betw’eon the orbits; the diameter of the tympanum, and 
distance from tympannm to eye; the length of hind limb; and" the length of 
the digits of the naiid. These dimensions haVe been tabulated for a large mimber 
of specimens. 

It w'a.s found that the description and measurement of external features 
could not replace observations of the .skeletal girdles, the variations in wbii h 
seem to be of paramount genetic significance; while the external configuration 
and aspect is more related to the mode of life of the animals, and largely 
corresponds with the classification into :~-swimming, climbing or tree, and 
burrowing or cryptic frogs. 

In the course of the work the relative value of the external characters 
came under review. Of these, amount of webbing on the toes seems to have 
been overrated, Professor Spencer having pointed out how very variable this 
character is in several species collected by him in the interior. Colour and 
markings are very definite in some cases, remarkably variable in others; but 
usually varying in such a way as to suggest a normal form from which the 
rest may be derived. This normal is probably to be found in strongly marked 
young specimens. Of particular markings, the vertebral line, in some species 
constant, in others, though normal, varies in distinctness to total abseneg, and 
again in others is very definitely present or absent. Another normal marking 
is the lateral facc-streak, and nearly all face colourations may be considered 
as variations of this. An external feature closely connected with habit is the 
adpression of the thigh to the groin. In some species this gives rise to a 
difference of colour and texture in the concealed parts, while in others the 
groin is fully exposed and does not differ from the general surface. 

' With regard to classification, the scheme of the British Museun^ Catalogue, 
as applied to Australian frogs, becomes reduced to three families of the 
Arcileva, Xlystignathidcnt Hylidce, and linfonidai, and (on account of the record ^ 
of three speci ^ .of the genus Austrochaperina, Fry) the family HanidcB of the > 
Firmistema. 

A ,of ^ STe Australian species, with references to descriptions and notes 
on thc^^i^'^'mens examined, and tables of the proportionally measured dimen« 
sions^ were appended. . . ' ^ ^ ^ ' 
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4. Sp^cioa of Viclorion hampmjs. By 1. A. LKArir, I). Sc, 

Richar<ls'>n (1||48) was the first to name an, Australian lamprey {Petromyzon 
viordax)* 

Gray^ in the British Museum Catalogue (1351), made Bicbardson's specimen . 
the type of his genus Mordaeia, and made two other Australian lampreys the 
types of his genera (?eotria and Velaitia. > ^ 

Gunther, in ‘Tlw^ 'Catalogue of Fishes in the British Museum’ (1870), 
ac cepted Movdcfcia ntbrd<zir, but included FeZnsta in the genus Geotria, Gunther ? 
later gave the name Gtotria cilportti to a Tasmanian specimen. Ogilby and 
, Began both include this apecitif .in Geotria attBtr(di$, -''ryz-J 

Count Castlenau (1872) created two new genera founded on immature forms, ^ 
thus increasing the Australian species to six. Ogilby (1^), in ^ A Monograph : 
of the Australian Marsipobranchii/ reduced the species and genera to three. 

He revived Gray’s genus Velasia and named the Australian form F. Btenostomay . 

. though he did not specify characters to separate it from VvchihnBis. 

Plate included VdoBxa in Geotria^ but separated G» stenosttma from v 
G. chilensis ; he considered that both occur in Australia. 

Began, in *A Synopsis of the Marsipobranchs of the Order Ilijperoartii' 
(1011), placed the Australian species in G. Jttpnostmna and restricted the sy)ecies 
G, e?nhmts to •South America. He created a new species [G, saedfera) for a 
New Zealand specimen of the pouched form. 

An examination of forty-six specimens of lampreys in the University Mnsonm 
end National Museum, Melbourne, showed two species of Monhtda, and that a 
new species of Geotria is required for specimens intermediate between the 
broad-headed, pouched form and the narrow-headed Vdaein form; as these 
connect the two extremes it is unnecessary to retain Vdmia as a separate 
genus. 

The great vadation in the chief characters, and the small number of 
lampreys available for examination, are undoubtedly the chief causes of the 
creation of so many species, and the discarding of these by subsequent workers. 

The horny teeth are ^sily removed and the appearance of the mouth after 
their removal is different. The state of distension of the mouth revealing the 
whole of the teeth or the points only of the tongue teeth and supraoral teeth is 
important in determining the appearance of these structureis. Even the teeth 
of the supraoral laminse, a generic characteristic, at least, vary. Plate figures a , 
Geotria with five cusps instead of four on the supraoral lamina. One Mordaeia 
examined has four pointed cusps on one lamina, while the lamina of the other 
side has three. Castlenau sa’id ; * I find the greatest difficulty in the determina- 
tion of the Victorian fishes of this family. . . . The most imiiortaiit character, 
the dentition, seems to be .subject to the mo^ extraordinary variations; in fact, 
f cannot find it exactly similar in two specimens.’ 

Regan used the relation of the length of the first dorsal fin to the distance 
between the two dorsal fins as one of three distinguishing characters. In six 
.specimens of Geotria chilenda taken alive during an eel fare at the Hopkins 
River Falls near Warrnambool, the interspace varied from *6 of the length of the 
fill to 1*3 times the length, a variation of over 100 per cent. Regan used this as 
one of three variable characters w'heii separating nine specimens of Geotria into 
four species. 

Ogilby regarded the presence of pores on Velasia as a generic character. 
Pores occur on all the specimens of Geotria and Velasia examined. On one large 
pouched Geotria australis the pores form a definite ’lateral line.’ Plate ^ured 
pores on each species he recognised. 

The pouch is a puszle. Tt is not a secondary sexual character for it occurs in 
both sexes. , ' 

It seCma necessary to recognise five species of Victorian lampreys. 

f {5, Notes on the Binging of Birds. By E, D. db Hamel. 

Aluminium bands of different sizes stamped with the address ’ Witherby, 
High Holbbrn^ London^* and also bearing a distinctive number, are bent into an 
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op^aide4 ring which (»n *mdny‘W^«sed: hvw the 'U birdl\,aTid 

. closed, taking care Uiai' it can move emly between the foot and the knee, and, 
-the bird is then released. 

I The speciee nomb^f'^'dal^v k>oali^^^ and clr^pistakf^ on a 

:form snpplied vrith «a4;k packet of twenty ringe. Theie riAfi ai^ issued by 
Messrs. Witherby^^,^ subscribers io their magasine ‘ British. Birds ' who arc 
willing to assist, am' are carefully registered. 

When one of these marked birds is recaptured and the incident reported the 
information is added to the register, and from theiso details an annual report 
. with maps is prepared, and published by Messrs. Witherby under the auspices 
of the British Ornithologists’ Club, the eighth, for 1913, being now ready. Thus 
the ultimate course and length of bird migration will be defined. 

It is requested that all wild birds may be ringed, as it is found that even the 
most constant varieties wander io considerable distances. 

A very large number of rings have been utilised, and about five per cent, of 
these retaken and reported. In addition to the English scheme, this work is 
being carried on by Professor Mortensen from Viborg in Denmark, and by others 
in Germany. The results are most encouraging. Adult swallows marked in 
pairs have been traced from Ayrshire and Staffordshire in England to Natal and 
the Orange Free State in Africa, and back to Staffordshire, but in eadi case 
only one of the pair has been retaken as they always have now mates. 

Nestlings seldom return to their birth-place. * Thrushes, blackbirds, and 
robins marked in England have been recaptured in Ireland and France. Cor* 
mprants, nestlings from We.xford in Ireland, in Finisterre, Brittany, Portugal, 
and Spain ; mallard and wild duck in France ; a pochard I marked in Warwick- 
shire was retaken six months later at Bntzow in Mecklenburg ; a turtle-dove in 
Portugal. 

Abroad the same woi'k ha.<t been carried on since 1898, and a starling from 
Russia reached Yorkshire ; a widgeon from Denmark reached ‘Wales ; tufted din k 
from Finland reached Ireland, and a Prussian blat^k-headed gull was recaptured 
in Norfolk. 


6. Beport on the Biological Probhmsi incidental to ihc Behnullet 
Whaling Station , — See Heports, p. 125. 


7. Report of the Committee on the Marine hahoraiory, Plymouth. 

See Reports, p. 163. 

8. Report on the Occupation of a Table at the Zoological Station ai 

Naples . — See Reports, p. 162. 


9. Report on the Po.sition of the Antarctic Whaling Industry. 
, , See Reports, p. 123. , \ 
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10. Fitial B^ort, on Experiments in InJieritanee.-^-^S/^ E(^rte,‘,p. 163.- 




wt of'the Committee on (he Nonunciatbf Animlium, Qenera 
v;--'" ,E^b^gener9. 

' 12. Eip&rt on the Feeding ffabiis of Briitsh Eirdi. 
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.* . WEDNESDAY, AVGUST 19. 

The following Papers were read : — 

« 

1. Oil Scent-Distributing Apparatus in the Lepidoptera. 

By P. A. Dixey, M.D., F.R.S. 

Tfc ia well known that certain apc(^;ialised aealea found in various situations 
on the wincfs, bodies* and limbs of Lepidoptera are concenied in the distribution 
of a scent, which in many cases is characteristic of the species. These scales 
may occur in both sexes, but certain forms of them liavc only been found in 
males; amou^ theso aro the plume-scales of the Pierines and Nymphalines. 
The Pierww plume-scale often aifords a ready means of identifying the species, 
and is frequently of service in throwing light on questions of affinity. Thus, 
the interesting butterfly Leuciacria acuta Roths, and Jord., recently discovered 
in New Guinea, has been considered by some authoiiiies to be nearly akin to 
tho African genua Phwcopteryx, and by 'others to the Australasian genua 
miodina. But the scent-scales with which it is abundantly furnished bear no 
' resemblance to those ol any Pinacopteryx^ while Elodina appears to be entirely 
devoid of these structures.. On the other hand, the scent-scales of Leuciaerta 
strongly recall those of Delias ^ a genua uell represented in the Australian 
.. Province, and especially so in New Guinea. Scales of a somewhat similar 
character are also found in IJuphina, another genus with an Oriental and Aus- 
tralasian distribution, and probably not far removed from Delias in point of 
affinity. Tn a further structural feature Leuciacria is nearer to Huphina than it 
is to Delias, and it may possibly turn out to be a connecting link between these 
two assemblages. , ^ But from the evidence of the scent-scales it seems safe to 
conclude that such resemblance as exists to Pimeopteryx and Eladim is only 
superficial. The well-known * battledore scales ' that occur on the wings of 
Lyodsnids furnish a means of separating two species, PUhri%ts agm and P. 

^ are; bft^n indistinguishable ; by ordinary ; methods of 
^aminationivl^/ '''' ‘-'V • 

In Bome'caaS^'ih^tii&^bi -in all, a special adaptatiun.dris^ tKthlthe object 
of ecohoniuiin^ it is required for purposes; of^isixua} iecognition 

or attractionV^ folds of the forewing in many.He^erids, noticed by 

Doubleday apd and' first adequately described by. Fritz Muller, are 

examples. .ihis'ldnd/ bf.iprovision, ' Another structural ieattt];e serving the 
same of the scent-distributing scalwjpto a on 

.that. wing ishiehds covered in tnpiposition of^ rest. 

it occurs also^ in S^atyrines and 
KyinS^Hn^es* '*No 'e:^inple of a male characterised by- special, scent-scales wSs 
, known' to Fritz Mdller among the Erycinids. Such, however, dp exist;' as, for 
example,' in' -the- genera Mesosemia and Pandemos, where the scei^t-patch^ 
occlude dSs geet>.;as notably in the genus Dtsmorphia 



illeir irowcil Ainerican Ithmitncff always tend to oe 

mimicked Hf <ilKec ImUerfliei^ tHkoiigh tiielr pallefin fa each "of the great 
itopicai thgfana at«. ter the mmt pert very digerent from thorn in the others. 
The aame conclmdona emerge \rhen other great group* of models are compared, 

: and the vrhole body of facts affords strong indirect evidence in supj^rt of the 
hypothesis that mimicry is an advantageous resemhiancp trhich bar grown up 
under the inffuence of natural selection. 

Ausiralia is the most isolated of all the inhabited continental tracts <vi tlic 
earth’s surfacei and its isolation is rejected in its peculiar fauna and flora. How 
far is it reflected in the insect-models and their mimics? Up to the present 
time the subject has been but little studied in Australian material, but we cnu 
nevertheless^ see our way to certain conclusions of much interest. 

Perhaps the most widely spread models in the world are the black yellow- 
banded stinging Hymenoptera. The central members of these powerful com- 
hin.-itious arc wasps (Diploptera), around which are ranged sand-wasps (Fossore^i), 
and, ill far smaller numbers, bees (Antlmphila), followed by mimetic s]>eeies 
of the Phytophagous Hymenoptera, and of other orders— Diptera, Coleoptera 
Lepidoptcra, etc. Tliroiighout this dominant eombinaiion oLpiodels and mimic, 
the subcylindrical body is black, encircled by many bright yellow bands. 
Although widespread over the world it is especially powerful in the north 
temperate zone. In Australia, however, its place is taken hy a combination 
with a very distinct pattern. The bands are deep brownish orange instead of 
bright yellow, and they are few’ and broad instead of many and narrow. This 
pattern runs through a larj^e and complex set of models and mimics. It is very 
convincing to compare such a mimetic Asilid fly as the European Asilu^i 
eTdthToniformU with the Australian species, and to observe how their very 
different patterns resemble those of the respective Aculeate models. An equally 
significant comparison may l^e drawn between the mimetic Longicorn hectics of 
these two part.s of the world. 

The conspicuous sluggish Lycid l)eetlc8 form another dominant group of 
models in all the tropical regions, and here, too, a powerful Australian com- 
bination exhibits a peculiar colouring, and in some respects a peculiar 
constitution. 

Material already received from Commander J. .1. Walker In the Sydney 
district and from Mr. X Eland 8h§w at Ilealesrille, Victoria, shows that <hc 
Australian contribution to the study of mimicry is sure to be of the highest 
interest and iinpQi^faii^e; 


TUESDAY, AUGUST 18. 


p. 163! F 


■■ Joint Discussion with Section K on the Nature diiA 0riffiH of Species. 
, , . ; Sec.p. 679. 


. The following Pepeie were then reed s- 

J, An Eirpedition to the Ahrolhos Islands, By Proiessor W. .T. Pakin, 
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igratidni 'oj PipitSj Wagleils, andi 



.a';>'^^TRA?{l?AQTIONS ;< 

Some Features in the Diurnal j 
JSwalJ^WB 



In certain oJ apring and antunon a stream or pirocimi^ it iaigrsnis^' 

passed the Tosm Rock Light^station daily. Owing to the barren natare of the 
Rock^WaTe*fW(^t<v a large ei^tent in rough weather^paucity of food, and lack, 
of fresh wat^^ <mOlparatiYelj^ few of the travellers descend and aRght. As they 
hasten past, the altitude of theiir flight relative to the level of the lantern is a^ 
matter of interest,^ seeing that so many nocturnal migrants strike the dass. 

Most birds direct their flight towards the land, i.e., S.E. to N.W. or due 
E. to W. Even birds presumably on emigration seem to make for the land. 
Pipits and wagtails travel about twentv miles an hour; swalloTtrs and martins 
about 90 miles an hour. On account of the very limited area of the Rock and 
the considerable altitude at which many of the birds fly, the descending flight 
for the purpose of alighting, when attempted, is almost perpendicular. Several 
original photographs from life of the species dealt with in this paper have been 
secured and used as illustrations. 


Sydney. * 

FBWAY, AVGUST 21. 

The following Papers were read : — 

1. Br. R, C. L, Perkins* Researches on the Colour-Groups of Hawaiian 
Wasps, By Professor E. B. Poulton, F,R,S:' 

Dr. Perkins* researches, recorded in * Fauna Hawaiicnsis,* in * Proc. Ent. 
Soc., Loud./ 1912, p. Ivi, and ‘ Trans. Ent. Soc., Lond.,* 1912, p. 677, have 
tlirown a flood of light upon the evolution of colour-groups in one of the most 
isolated of all the land areas that afford favourable conditions for a fauna and 
flora. Tt is probable that the comparatively simple phenomena exhibited in the 
Sandwich Islands will be found to have a special bearing upon the infinitely more 
complex conditions found in the most isolated of the. inhabited continent.^. 

The only indigenous wasps of the Sandwich Islands belong to the genu.s 
Odijnrrus (in the broad sense), and Dr. Perkins concludes that the 102 species 
have been derived from two original immigrants — a black, yellow-banded species 
from some unknown direction, and Jit a much later but still very ancient date, 
a black, dark-winged species probably from Asia. The latter is extremely 
dominant, but it found the islands already occupied, and has thus only split 
up into four species, as against the ninety-eight produced by the original invader. 

Dr, Perkins similarly concludes that the fifty-three indigenous bees, all 
belonging to the genus Ncsoprosopis, and the eighteen indigenous Fossores 
{Orahronfyee) were derived respectively from a single Asiatic immigrant bee and 
a si^.oJ^pwis^i^ Pisbronid. 

related species of wa^ps has, formed colour-groups 

In . also many of the species of bees and Fossores. 

of ecoQ<miisingl'wd'SiaN.W. island, possesses only one important colour-group— 
or attraction^ insects with tw^o white or yellow bands. Here the pattern 
nf^vtik^arliest immigrant wasp was probably retained, although combined with 
dark wings, perhaps due to mimicry of the second immigrant. The latter on 
Kauai has given rise to species with yellow bands. 

Oahu, the next island proceeding in a S.E. direction, has four colour- 
groups, of which two resemble that on Kauai in the possession by some species 
of pale bands, although fainter than in the N.W. island. Another group con- 
taining black, dark-winged insects is probably due to a miipetic approach 
towards the second original imxiiigrant, a very abundant insect. The fourth 
group is much marked with red. /, 

• r . D 1) 2 
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On Maui, Molukai, and Lanai tWa' aro ^oupiV ona 

, black and dark-winged) and one with pale bands on some of its specif. 

/ On the largest island, Hawaii* in the S.E., all the .grop|i^|^d to fuse into 
Tii single Ime iissem^lagool blacky dark*wingedjx^^^ 

•„ The speciM form structhM groups of which the merntniri^ tfthon^ obviously 
' closely related) enter different colour-groups in the various idlands. In other 
words, the colour*grottping is entirely independent of zoological affinity. 


■ /' 
■i, , 


' 2. The Develojmienl of Trypanoaomes in iho Invertebrate Host, 

By Professor E. A. Minchin, F,R.S» 

If an analysis and comparison be made of those instances in which it can bo 
claimed that the development of a given species of t^panosome in its invertebrate 
host is known in at least its principal traits, it is seen at once that in every 
such instance there is a part of the developmental cycle which is constant in 
occurrence and uniform in character, and another part which is of inconstant 
occurrence and very vai||ble in character. 

In the constant part of the cycle the parasite always fssi^es the crithidial . 
type of structure and multiplies incessantly in this form^W|^ a lasting 
stock of the parasite, certain individuals of which changetipbx^ically from the 
crithidial into the trypaniform type and so become the imaT, prop^tfve f orm of 
the developments destined to pass back into the vertebrate host and establish the 
infection it. During hunger-periods the crithidial f<n(tits(<s')Qa^ tem- 

porarily, in some ’c^Sies* into the resting, non flagellated leishmaniitl fm, until 
food is again abundant, when they form a now flagellum and revert to the 
crithidial type of Structure. 

The inconstant part of the cycle, when it occurs, is intercahitod at the very 
beginning of., the development in the invertebrate, and lasts but a relatively 
short time; it is derived directly from tho trypanosomes taken up by the 
invertebrate fk>m the vertebrate host, and takes the form of on active mnltipli- > 
cation of the parasites in either the trypaniform or leishmanial condition. In 
the cases where this early multiplicative phase is wanting altogether, tho 
trypanosomes taken up by the invertebrate host pass at once into the crithidial 
phase. 

When a further comparison is made between the development of trypanosomes 
in the invertebrate host and the development of the closely allied species of '- 
Cfithidin and Lfptomomu which have no alternation of hosts or generations,^: 
but are confined during their entire life-history to particular species of inverte- , 
brate hosts, it is seen at once that tho life cycles of these parasites of inverte- 
brates are similar in all essential points to the crithidial phases of trypanosomes ”: 
in their invertebrate hosts. It is evident, therefore, that tbo crithidial phase in 
the development of a trypanosome is to he interpreted as a reversion to, of 
recapitulation of, the type of development that occurred in the ancestral form 
which was originally a parasite of the invertebrate alone, Wore it had obtained .. 
a footing in the vertebrate host or had acquired the ttypanosome-lil^p type of 
structure; while t|ie multiplicative phases of variable i^aracter preying the 
crithidial phase JjP 'trypanosotne-devmopment are regarded as having been 

intcfcalaied fwcon inio the liffe-eyele and of no phy|c^ene|ic significance. 









3. A Companion of Ote Smi pf iho Red CeU^^^'j^me yertelmteiT': 
i , By J, Buston dtBtAND, , .* 

' Bird*' lit* ft was- noticed;' 

tKai.i&a ' a b^n- 'wera diftiiiatly’lalrM. than thdie of the; 

variow Paaserine bftdd examined. ‘ Thia led to i^t<^tic''mea«tlreinents of the . 
'aiaea of the red cidb! # Tdrioiu Anatralian vi»tebratea. The alides examined 
hare been alt stained tty ' dry * methods, wet fixation and staining methods . 
being imp^i^qkble in tj^ fietd. .J^j^rience^QwS, hnweyer, that thia method - 
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Amongat the fished^ the Dipnoi have enormaus red cells^ thode of Ceratodus 
foretell being 30 X 23 to 26 /4. The Elasmobranchs have also large cellsi 
varying from X8xl2'6 to 23x13*5/1 Amongst Teleostean fishes the size is much 
smaller. The cells are also rounder. In Therapion unicolor they are nearly 
spherical In ^ species rouge from 0x7 up to ]l^*5xl0*d /& 

The reptiH^i snakes^ lizards^ and tortoises have red corpuscles ranging usually 
from 16' to 2lX0 id II Ay though in some cases^ as in the genus Np^oconui, the 
size tends to be smaller (14 to 16X8 to 10 a)* 

Batrachians show red cells usually of from 18 to 20x10 to 14 a* 

Amongst birds, the emu has the largest (15*5 to 16*5x8*5 to 9*5 fi). The 
Bodicipe££ormes, Sphenisciformes, Ardeiformes, and Pelecanifotmes come next 
(approxin^tely 14x8 /«.) Oharadriiformes are generally a little smaller. The 
pigeons, hawks, parrots, kingfishers, and cuckoos come next, the kingfishers 
being perhaps the largest of these. In the Passerine birds t^re is a definite 
tendency to smaller cells, ranging from 10 to 12x5 to 7 /&, with the exception 
of the family Corvidas, where the size approximates more to the previous group. 

These figures seem to indicate that with specialisation has eventually come, 
both in fishes and in birds, a diminution in size of the red cells. The cumber-, 
some corpuscles of Ceratoduc have doubtless played a part in the gradual 
extinction of the Dipnoan fishes. The relationship oi the various classes to each 
other is clearly shown in the size of the red cell<«. 


. * 4 . Notes on some Australian Ilcemaio^oa, 

By J. BuHTON CXiELAND, M,D. 

Owing to tUe geographical isolation of Australia, the study of the blood para« 
sites of the vertebrates, especially of such as have no easy means of passing 
over stretches of ocean, is of considerable interest. In some cases, such as the 
marsupials, interesting speculation arises as to whether the Hsematozoa found 
in them reached Australia (1) with the marsupials when these originally came; 
or (2) as parasites of the invertebrate host by a separate arrival ; or (3) whether 
their appearance represented the adaptation in Australia of a parasite, at one 
time confined to an invertebrate host, to a habitat partly in the vertebrate and 
partly in the invertebrate host. 

In marsupials Ha&mogregarines have been found. Breuil has recorded in a 
, bat the presence of a Trypanosome and of a Plasmodium. In birds, Placmodium 
precox has bpen recorded m a falcon, and a Plasmodium has been found in the 
black svran. Plasmodium has also been recorded in the introduced sparrow. 
Plasmodium seems to be rare in birds compared with the presence of Halteridium. 
.Halteridia are common in Australian birds, and have been found in all tho 
States with the exception of Tasmania, though they have been found on 
Flinders Island in Bass Straits. The appearances of the forms found vary 
somewhat, suggesting specific differences. Tiypanosomes have been found in 
several s|^cies, but seem confined more especially to Queensland and northern 
New Son^th Wales. With the same distribution, and often in the same infected^ 
birds, large pgrasit^, may be found in distended red cells, The parasite in the" 
red cell is spherical and indents the nucleus of the host*ceU, which is stretched 
fover it so as ,to^ foriQ> cap. 1 am of opinion that this is the intracorpuscular 
..^fprm of thp: which it is osuaUy associated, although my 

''former CQll6ai^^>^rik'<Harv^ Johnston, wh6> ws^- AssocUted with me in first 
describing this fbiim, , has since referred to it as a Leucocytozoou, as does 
Breinl. The corpuscles are certainly not elongated in the remarkable way in 
which they are in infections by Leucoeytozoon zitmanniu Microfilsrisa are 
common in birds. 

i?e29ti7es.-^H»mogr(agarine8 are common in snakes and lizards. Trypano* 
somes and .Hsemogregarines are met with in tortoises, as well as a H«mo< 
veystidium. ^ A Hnmocystidium has been met with in a gecko, and microfilaria 
'in the water lizard, Physigmthus lusucuriu 
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AmMbiu.—A fitunogregarlue h»a been; mat, iHth in one speciee ojE Irog 
.^.onlvr- Xrypauosonies in, several species. . S', x ■ . 

U risAss.-'Xrypanosomet bav%- beta iMiid iuillH; tmahwaicr and in a 

The ekpe^ei^ir in the teisding of silkworma on the leaves of pnt ^^’knovrn 
vegetable hVorzonera hisponiedt formerly undertake by Hars» Tichomiroff^ and 
others, for practical purposes, have been repeated by me on theoretical grounds, 
as v/ell as by different methods. ; / \ 

As none of the breeds cultivated by Hara's selective method have' surv, ved, 
selection appears not to operate at the length of generations, and consequently 
the much- vexed question of the heredity of acquired characters cannot be omi ted. 
General constitution, * Wuchsigkeit,’ plays its part as \V(U; qualities are ti ms- 
ferred according to now well-known laws of heredity, lii^peciully Menders, the 
breeds have to be analysed, in this regard as well, and crossings of iiuriiMlly 
fed witli Scorzonera-fed are to be tried. ■ " 


Hence the necessity for working on a larger scale, which I began (alter 
some orientating experiments in 1910 and 1911, on the possibility of feed in i; 
and selecting some breeds) in 1912. The same material for breeds has to be ctiUi' 
vated ill dinereut places, to avoid local failures; different races of silkworiiis 
have to tried on the same food, and different feeding ou the same race 
(umlborry, k^corzoUera, and half Scorzonera and half inulberryjlf^ in order to gel 
a niaterim for suitable crossings, and to produce new possibilities. 

Ill accordance with Kellogg, in spite of all gradations, four main types may 
be distinguished, of which 1 used chiefly three (with different eggs, colours, 
and shape of cocoons and moth-pHttorii), designated here for convenience with 
the letters Jap., It., and T., siiid of these three races diflerent grada- 
tions have been applied ; for instance, Japanese freshly importe^J, and Jupanr.<e 
cultivated for years in Europe; Japanese of the wild form {mandarina ) ; Italians, 
whose parents had been fed by myself. 1911, with Sccirzonera, and others normal 
from the scricultural institutions; Tessin normal and with IScorzonera-fed parents, 
&<•. Results of the 1912 feeding are, among others : (1) the It. and T., whose 
tvareuts had Scm'zonera, lull, did not get well through the same treatment, but 
died out in spite of every care, in 8C\ eral localities, whereas the freshly imported 
Jap., It., and the normal T. sustained the new food comparatively well. (2) »SliU 
>V*orzonora-fed in 1912 held together with mulljerry-fcd ones of the .<!8ine race &f. 


show great diflerenees. A much smaller percentage t?omes to the respective 
inoultiiigs, much longer time is reijuired (fifty-six drtys instead of thirty-six), and 
there is especially a long hesitating and wandering period of the big, well- fed, 
worm, till it begins to spin. (3) Its t'ocooii, however, is not inferior, either in 
size, density, or strength of thread. The crossings of the \^rioua breeds show 
marked differences lU their productiveness. The capacity of fertilisatiuji (active 
and passive) of SScorzonera moths, even of first*i*ute cocoons, is apparently much 
inferior (this can be verified not only by general comparison, but also by'^irying, 
for instance, the same male with different females and vice versa ) ; fecundity, 
judged by the number of deposited eggs in the same race, is much less; in many 
cases the females could not fasten their eggs (though that was here not a race 
character). Also of the fertilised eggs many more decay than in normal egg- 
deposits, and of the remaining a much smaller number;is able to hatdi in the 
next year (v. infra), 

All these damages are most significant, if both parent' are 8corzonera-fcd 
(thus a number of possibilities are at once excluded from further propagation),- 
while in the case^ where one parent was normally fed the mating could be as 
fertile as a iiormal one. In 1912 all possibilities of race-crossings and treatment 
were tried (a disiinctuin was made if the male had Scorzonera and the 
female mulberry or vice versa), altogether over thirty, which formed the starting 
material for 1913. 


, Of these egg-deposits siug1^ ones always have been selected (to work on 
^ pure lines ' for otJier purjiosesv ot which 1 shall give an, account elsewhere), 
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but of the rcniaindei* a number were always of equal descent regarding race^ food 
in male and female^ &c. Those have been united respectively, to form * popular 
tions)’ and such populations have been divided and disttibuM again in i913 in 
different localitieSi and also with different gradaStimis ozTlbirfi^ep.jtihajt last yesrf': 
more than tfurty different' brei^ on differeati tAmtoteM^ 

. a hundred, luty^bi^ ; 

In spite Ifiosl' dkwteiioBi or Jnst On ac 0 ou^:^ $^^^^ 

result V«eialtiuig''£!^ 

Scorzonera-f {Sratl^tfvil^^ hat<died, caused inndb^ nu^e difficulty 
raising with ^cbhBOnexa agaihj, c|^. out, or came to spin only hi small percentage, 
while the BcorzoneraXmulbej^^pir mulberry XScorzonera breeds showed a strong 
advantage and combined, BO tOf'.say, the 'adaptation* of one parent with the 
healthy state of tbO other (still moie some of the half -Soorzonera, half -mulberry- 
fed combinations), and seem to be superior to pure mulberry descendants in 
strength, and in faculty of going through the Scorzonera treatment to spinning. 
(That may be valid, of course, only for a certain number of the offspring, which 
number follows the^Mendelian law.) 

Whether really ' crossing favours adaptation * caii be decided by this year’s 
(1914) breedings ; a further gradation prepared by corresponding oopulss of 1913. 
These copalm have been tried as much as possible within the same race to 
avoid confusion, but with the utmost possible variety of Scorzonera handicap- 
ping, as the grandparents besides the parents have to be considered. 

. For instance, 1., the 1914 breed, l^th parents 1913 Scorzonera-fed ; (a) all 
four grandparents 1912 Scorzonera-fed ; (b) both grandparents of one side 1912 
Scorzonera-fed,.^ the other side Scorzonera x mulberry three grandparents 
Scorzonera, one‘^ulbcrry-fed). Further gradations to male and female ; (c) 
grandparents on both sides Scorzonera x mulberry-fed or on one side both 
grandparents Scorzonera-fed, on the other both mulberry-fed (= 5 two grandparents 
Scorzonera, two mulberry-fed), but in different combinations; (d) grandparents 
of one side Scorzonera X mulberry, of the other both mulberry-fed (one grand- 
parent Scorzonera, three mulberry-fed ) ; (e) different combinations of the half- 
Scorzonera-niuJberry grandparents (i.e. fed up to the fourth moulting with 
Scorzonera, then with mulberry). 

11. Of the parents in 1913 one with mulberry (grandparents also mulberry), 
the otfier parent with Scorzonera (grandparents various gradations, vide 1.), &c. 

The results of 1914, as far as I can check them at present, have confirmed 
tiioso of 1012 and 1013, giving corresponding gradations of the crossed and of 
the pure breeds with regard to their adaptation to the Scorzonera treatment. 
Of some biological results, the instincts of the young worms to attack and leave 
different kinds of food, their tropisms, 1 shalf give an account elsewhere, also 
of some special experiments of inheritance relating to the melanism, called 
the ‘ moricund,* to the 'sport’ of ‘non-spinners,’ or abnormal ‘atavistic’ wing- 
patterns. 

G. Notes On Petipalus and on Australian Land Planarians. 

By T. Stekl. 


TUESDAY, AUGUST 26 . ’ ; . 

The following Papers were read ; — 

1. Studies m Echinoderm Larvae. By Dr. T. Morteksen". 

2 . On the Worm Parasites of Tropical Queensland. By Dr, W. Nicol, 

Tt is only five years ago since the study of worm parasites was taken up 
systematically in Australia. Earlier work had been of a desultory nature. In 
tropical Australia little work was done until the foundation of the Australian 
Institute of Tropical Medicine; since then a large and representative collection 
has been made. This paper gives a brief account of that collection. 
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' •- - . - -vv " 

The meet common human paraaitea at^'tlie liobk ^'orma ^ inkyhiltmiu and 
Nicfttor}, Otlier human parasites are not more common, than in temperate parts, 
while hydatids are niudi rarer than in other parts of Austral The parasites 
,ef domesticated animals have hot received much attention and only a few 
scattered records occur. The most butstanding paiasite of the dog is Diro> 
fUdtia which infects the heart and lan|» and appcirs to. cause much 

: .mortality. In rata the characteristic parasite is the isige i^j^inorhynch, 
Oiyantor/iyTtc^M ^ \ -‘.^^"1^ ..r'.!V 

The panuutes of tnarsuplale and monotremel, TUuria worms 

are fairly common in wallabiM and opm frequently har- 

; boar a large mass of Strongylida in their stomal. The Ududna is frequcully 
. infected with tepe^orms and a curious littKiMwd, spiral-slmped Nematode 
hitherto nndescribedi, Similar Nematodes CHDcnr ip fruit hath and smdees. Not 
^. .the least inten^hg mamfoaliaiL parasite iii that desorihed by S. J. Johnston 
" from the dng<mff, a Treinato^^ which pomeises ah* antiidly new iypa.ol atructuie. 
r The birds db not many paradtes that are peeul&rly Anstraban or. 
tropical; This isr prdbably due to them mij^iiory habitfc '^lim reptiles ai^ 
frogs afford several forms' which are typi^lly Ai»tndiaii:;'i;^ a few whimt 
appear to be essentially tropical, 

U IS afnoDgst the fishea that we find the mcpt fauna. ^ 

This appU» p a r tieij il i r ly to Trematodes, and^it Wj^ found that a^ 

la^ge piophrtiQii'J^ Trematode panuOtwi nev^. 

generic types* abd in some cases perhaps new faniSly .types>r^c^ 

On iM of Onchourea larm trough iko capsule of 111^ worm nodule, ^ 

Tt|e lila-hiitory of the parasitic worm wluch causes nodular disease in cattle 
still rehndns k mystery. A considerable amount of experimental work has been 
done on the subject, but few positive results have been obtained, 

In 1911 T. H. Johnston published a suniminy of the work which had been 
done up to that date, and came to the conclusion that the most probable inter- 
mediary host is a mosquito, a louse, or a cattle*iiy. hlnce that time four 
iniportaut contributions have been added by Australian workers. The first of. 
these was by Gleland, who made the disc^nery that some calves which had been 
reared on Milsom Island, Now ISouth Wales, and had never left the island, had 
become infected with worm nodules. This showed that all the factors cou^ 


cei'ned in the Uananiissiou of the disease are present on the itlaitd, and therefore • 
narrows the oco^ of investigation considerably. Cleland tnmo to the con- 
dusimi that a biting fly or a mosquito is the most probable intermediate host. 

The second paper is by Oilraih and Sweet, who concluded that fmh 
infection only, ocmirred fa young animals. They sWed Uiat direct infection is 
improbablk^;.|md"fo^4^ the opinion that some biting 1^^ most likely 

On Ihuid Brenil performed some cstperimcHta- • ^ to 

u.. .......... .£ .. 'tr- ' 


indicate ppiisibiUty of infection by means of water., Be ... 
larvee to penetrkte'ito. unbroken skin and to emerge ifitQ .wOw^'^ 
a short time, ; Bii’^ttempts, however, to infect varkwe. r^'"^^^ • 
these larvm Quite recently. % 

observationsi; OncAocerca, larvse, coxild.; 


0 . induce' 


fiy {Stomoaegipii 
iDcnt in theim;"" 

their wi^y tiiiSi ,, 

It was twjfh' thd i?lew 
work was undertaken. 
cations were bdopied ip 


;ln it for aeveral. day 


dlsouvered adii 



quo. 'employed, 
ibrta$o.thc eSect of temf 


Jived- 

fftable*;, 
A iw'deyelop-; 
ihakingt 

iftdt .&e\preseuV- 


of ibe Utility oxBott^is, hoWevt^, wm any obMinad;- - , 

t.y The prooediiro^.cpatmte&,in applying sterile Water wsi. calico pad or in’a- 
;gla8s vessel to' tile shaved Skin over a imdul0/eii4 .^sminin water a few^ 
^ hours later. The n^aiive resoiis obtained in theso ezperunenta idiow thaij^e 
"^^ctor was lacking imksh wim present tn.Breuirs investigations. 

.^1^' Further experimimti(^yere. perform with nodules excised from slaughieied^^ 
^Battle.,, 
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different of time^ and both water and the nodule were examined 

thereafter fur the presence of larvm. 0 

The earluT experiments were not very successful, but they showed that a 
few larvie could make their escape from the nodule into the water. Later 
experim^ts, however, showed that the larvm could emerge through the w^orm 
capsule in large numbers^ and fairly continuously for some time after the death 
of their howt. 

The effect of add. and alluli was tried, but they did not appear to stimulate 
the emergence' the nodules. Increase of temperature also 
was not found favoitfabli{^ .. 

All the nodules used ^ carefully examined both before and after the 
experiments to mure/^t no tear or rapture was present in the capsule. 
Damaged nodules were rejected. 

In further ejqperlipj^p^ ihe same nature certain nodules were fixed after 
varying periods olitim and thereafter cut in^ aerial sectionsi. 

In most of the:iwdute, lari^ were ioond considerable nmten in the watt? 
of the capsule. Usually were uniformly distributed in one or more hiyersj; 
corresponding to the idens^ strata of the capsule. The impression iraa. rmived 
that the water had' some' definite effect upon the worm mass inside the nodule, 
stimulating the urym to make their escape through the capsule. This effect 
was not usually produced until after several hours* immersion. 

It is worthy of note that the adult worms were found to Hve for more than 
two days afti^i^jromovajl, from this h<Mt, and that living larvm continued to 
escape from ^ at least three days. Attem^ to keep the larvm 

alive in ibM^re not successful, as they did not survive for more than forty* 
eight hours at "room temperature. 

The results of these experiments go to show that Onckoettea larvm can and 
do make their escape through the capsule of the worm nodule, usually in small 
numbers, but at tinms or in some cases in compaiutively large numbers. These 
results do ubt necessarily support the theory of water*borne infection, but they 
show that, even if the infection be insect-wme, it is not necessary to suppose, 
as has been done, ^at at some period of its life the worm sheds its larvm into 
the blood stream. The numbers of krvss escaping from the nodules are sufii* 
cicut to ensure a moderate chance of infection in any biting insect. The fact 
that the larva; may be induced to penetrate the unbroken skin by the applicu' 
tion of water may; be merely an accident, but it shows that the larvm find 
their 'way very c|pse. io the surface, and may therefore be very readily ingested 
by any biting insects, 

3 . Joint Discussion with Sections C, E, and K on Past and Present 
Relationsr ol ArUdrctica in their . Biological, Geographical, and 
Oeologi^ dspecis^, 

; Sir jbotrous Mawsofl : I propose to deal particularly with reomit geojgiTaphi* 
cal advances in Antarctica and to lay special stress upon the work which has 
been performed by the Australasian Bxpraition. We are now. all satisfied that 
there is a great continent at the southern extremity of thai;; world. Possibly, 
were the ice to be melted, there would be, not one large laxuf nnit, but several. 

We feel sure; hnweve^F. tlmt there would be at least one laige elevated piece of 
land in the An»jiralimi/l.Quadrant,^ but there are xnanyr. who . hold that there 
iwould bo.'nt lwii:a:.efl!^d piece represented by. the umd south of Americaj 
'SometimstTOs^d Weei ^tarctica. It is, indeed, probable that this latter mass 
.would be found to W ^Ut up into a number of small isolated fragments. 

South Victoria limd and the Boss Sea Region have been explored or touched 
upon by eight expeditions, o{ which several, particularly those of Scott, Shackle*, 
ton, and Amundseh, havO accomplished important land. work. In Victoria. 

,\,r \ .."I'' * ■' ' ■ • « » J • '' ' 

i- >^J’or cottvenienoe the Aiiiarotio Regions may be considered as divided into 
ifodr' Quadrants, commencing from the meridian of Greenwich, and each naxned .. 
after .the lands or seas to the north: hence, African Quadrant, Australiani . 

• iM I ^ A lu X 
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Land the continent rises to great heights^ at least 12,000 or 15, OCX) feet being 
visible J|p|ii the sea. o^il^ndeed, Aniaiidsen reports finding moauiaius up to 
19,000 fm in height hm the Polo itself. Little was known of the extension 
of the continent to the west of Victoria Land until recently^ when th^ AiistraL 
asian Antarctic Expedition visited that region. Two expeditions in 1840, one 
French and one American^ spent a short time in those seas, but neither landed 
uImui the mainland, though the French reached a rocky islet off the coast. They 
both saw parts of the mainland, but their reports were vague, and served only 
to stimulate interest in that portion of Antarctica. ^ . 

The 60 degrees of that portion of Antarctica to rwhich we sailed some three 
years ago then presented really a virgin field. Now we have brought back the in- 
formation that it is continuous land, and that it is covered by a very thick and 
solid ice-cap, which flows out from the central portions of that high continent. 
In tliat portion the coast-lino is not anything like so steep and precipitous as on 
the Ross Sea side. The German Expedition of 1901 made the land at what they 
called Gaussberg, just to the west of the Australian Quadrant. Their ship was 
frozen into the pack some distance from tlie land, and they sledged to the latter ^ 
during the winter, but time did not permit of any extensive land work. The 
Swedish Expedition in 1901 and several French expeditions since then have 
done very good work south of America, amplifying the outline already started in 
that region long ago. A joint British and Swedish Expedition— in the course of 
preparation — proposes to carry on the work in that locality. ^J’he Scotti.sIi 
Expedition of a few years ago sighted the continental ice-sheet at what they called 
Coats Land, in the Weddell Sea. There it is a steep, straight ice- face— nothing 
but ice — which rises inland to considerable heights. The Gorman Expedition 
of 1911, the same period as our own expedition, reached what appears to bo 
the sodtlieni extremity of the Weddell »Sea, and actually siglited rocky laud 
beyond the ice coast. However, they were prevented from doing any land ^^ork. 
It now remains for future expeditions to tell us exactly what exists south of 


the Weddell Sea. . _ , . , . , . , 

Of the African Quadrant practically nothing is known. It has been sighted 
only in one place — Eiiderby Land — by a whaler in 1820. Though the discovery 
of Eiiderby Land has not since been checked, I feel certain of its existence, 
after comparing the meteorological conditions logged by Briscoe in that neigh- 
bourhood and those met by us off Adelie Lriiul in the same latitude further east. 
The Pacific Quadrant also is almost a blank, nothing being known excepting 
King Edward Land on the extreme west. ^ ' 

After surveying the geographical data available we-concrode that there is-' 
about the South Pole a continent of about 5,000,000 square miles in area. It 
consists almost entirely of a great ice-cap, rocks seldom out-ciijpping excepting^ 

actually upon the coast, , * i* n a 

I will confine my subsequent remarks to the 60® of the Australian Quadrant 
entered byi.oui’ owi| expedition. The voyages of the S.Y.' Aurora are m 
luuneroue that; to save confusion, I shall refer only to the more important. 
In Macquarie Island, a subantarctic possession of Tasmania m 65® S. lat., we 
liad a party of five sUtioned for two years, making a complete examination of 
that fascinating island, and sending up to Australia by wireless regular dai y 
weather messa^. Adelie Land was the situation of our main Antarctic ba.se, 
where eitshteen of us' wintered and carried out a general scientific and geographi- 
cal programme for two y^rs. When the wireless was working well, messages 
were sent up to Australia by. relaying through Macquarie Island. About 1,1W 
miles west of the Mafe Base station was our western Antarctic base, under the 
charge of Mr. Frank Wild. The party consisted of el|^t men all told. As 
the ship had not been able to reach solid land in. tlmt vicinity, on aocouiit of. 
solid floe-ice, the pdrty had wintered actually oh a flbatjng shell-ice formation— 
the Shsckleton Ice-sbelf--seventeen miles from new land, calM Queen Mary^ 
f.,and. Between the two Antarctic bases much new land had been met hy 
Captain Davis. In other , places the ship sailed over What had been marked as 
land from vague reports of the early explorers. In 180 mapping was 
Lrily rougher than at the present time, but Wilkes particularly ^^c«eded 
, allowable error-s in his charting. T have come bi the conclusion that Wilkes s 
mistakes have arisen from errors of judgment yi,. mistaking solid pack-ice for 



TRANSAOTIONS OF SBOTION t>. 411 

■ a', . .. ‘ " 

land. It is not difficult to fall into such errors, but an appreciation of the 
possibility of such errors leads one to wait until further proof is -obtained 
before stating that any apparent landfall is actually land. The mirage effects, 
when looking oyer packdce, are sometimes very misleading. There is no time 
to deal in detail with the errors discovered in Wilkes’s charts. Only in one 
place, Adclio Land, did we find land where shown on the American charts. In 
several other places the existence of land was disproved. Elsewhere the ice 
conditions were adverse, so that we were not able to penetrate as far as Wilkes, 
with the result that several of his landfalls still call for confirmawn. Though 
i/aptain Davis was not able to push, the ship sufficiently far south to get a view 
-of Knox Land, strong confirmation of its existence is afforded by the data 
acquired by us on land and sea in that neighbourhood; in fact our soundings 
show that oven if Wilkes’s landfalls between Adelie Land and Queen Mary 
Laud be out, tho borders of the continent will be found not far to the south. 

[Then followed further reference to the work of the Australasian Antarctic 
Expedition, profusely illufstrated by means of lantern slides, somo of >vhich were 
colour* photographs. The points dealt with were the following : — 

1. Extensive sledging journeys in Adelie Land, King George Land, and Queen 
Mary Land ; tho aggregate of all journeys, including supporting parties, exceeded 
4,(X)U miles. 

2. The ii.se made of wireless telegraphy to fix a fundamental meridian in 
Adelio Land. 

' 3. The coniiiieni south of Australia is of the nature of a high plateau, rising 
to 3,<XX) feet within twenty miles of the coast, but continuing steadily to rise 
further to the south. The coasts are, for the most part-, of the nature of ice 
(Hffs, where the ice*cap at tho water *front still rides on a rocky bottom. Only 
occa.sioiially do rocky capes break the icy monotony. 

4. Eloating extensions of the land-ice are met with at intervals, sometimes 
as tongues from tho valley depressions of the borders of the continent, at other 
times as immense aprons. The most notable of the latter, named tho Shackletoii 
Shelf, extends 180 miles from the laud. 

5. A fringe of rocky or ice-capped islets is a feature of much of the coast. 

0. Tho Continental iShelf is remarkable for its iusliore trougli ; this appears to 
he a regular feature. As one passes out to sea the water at first deepens, then 
shoals, before finally plunging down into the ocean depths. 

7. Tlie ship's party carried out extensive oceanographic investigations, 
including a large number of deep-sea soundings. 

I!"! 8. Biological collections were made at each of the three land bases and 
from the ship ; dredgings were made in depths down to 2,000 fathoms. On land 
the eggs of tho Antarctic petrel and of the silver-grey petrel were found for the 
first time, and several new birds and their eggs were added to the collection. 
On Macquarie Island a special study was made of sea-elephants. 

9. The rocks of Adelie Land and Queen Mary Land proved to bo chiefiy very 
ancient gneisses and schists. At Cape Hunter in Adelie Land an ancient 
sedimentary series, in part phyllite.s, is to be seen. On the coast of King George 
Land there extended for mdny miles rocky cliffs 1,000 feet in height ; the upper 
half is columnar dolerlte, below is a sedimentary series containing bauds of coal 
and carbonaceous shales. Woody matter was dredged up at several points along 
the Antarctic coast. At Macipmrie Island the rocks are chiefly igneous--for 
the most part gabbros. Everywhere the island has been overridden by ice, 
leaving behind many small glacial lakes and a mantle of till. 

10. The simultaneoiis records obtained by three stations, eacli about 1,000 
miles apart, and all in an entirely new sphere, from which no figures have before 
been returned, will prove of great value when worked up. The weather con- 
ditions at Macquarie Island were * wirelessed * up to the Commonwealth Weather 
Bureau every day for two years. During a part of tho time it was found possible 
to do the same from Adelie Land. In Adelie Land the most terrific climate 
ever recorded was found to prevail. The average wind velocity for the year 
was found to be ^ miles per hour. Jt sometimes blew at 90 miles per hour for 
24 hours ; velocities of over 100 miles per hour were often reached, and on one 
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occasion 116 miles \vere recorded in a single nonr. " ^hen the wind cmne down 
in cyclonic gusts it often exceeded a pufi vel^ity of 200 miles per hour. The 
instrument used for ascertaining the average hourly velocities was the self- 
recording Robinson cup-anemometer. 

11. An unusually extensive magtieiic record was obtained, including con- 
tinuous magnetograph curves at Cape Denison for a period of eighteen months. 
This station is the nearest yet established to the South MA^^ntic Pole. A series 
of careful 6,^ determinations were made to witiiln a ftW miles of the Magnetic 
Pole. Sysieiatic observations of the Aurora Polaris, were no^de in conjunction 
with the magn^ and wireless observations. 

12. In Adelie Lmid special account was taken of bacteriolog}'.] 

Mr. QaimTfi; Taxloe : The present brief account of my work on Captain 
Scott's Expedition deals with regions near 78*^ 8.^ extending from Granite 
Harbour to Mount Discovery. : ti VV' X ’ . 

The walls of all the glacial valleys, as well as the mighty Scarp of Lister, 
show a series of stages of glacial sculpture which are believed to illustrate a 
process of evolution. Snow-slopes give rise to couloirs which can be seen passing 
into rounded forms or * half-fuimels * (in Granite Harbour) and so into true 
cwms (or cirques), in suitable localities (such as below Mt. Idster) headward 
erosion has changed a cwm into a * finger valley.' These with othp)^ higher 
cwms tend to form a radiating system resembling the relation of the fingers to 
the knuckles of a hand. 

Great glacial troughs or Trog-taler are well shown in the Fcrrar and Taylor 
Valleys. The latter is free from snow or ice for twenty miles; and it is crossed 
. by several barriers or ‘Riegcl.* 

.Examples of erosion by planution arise rai^ly under present circumsittiices. 
Most of the glaciers are comparatively free from debris and their drainage 
waters clear instead of milky. 8tri«e are infrequent. There is much water 
"during summer, as along the Koottlitz Glacier, which is drained by the twenty- 
mile long Alpfx River. 

The glaciers exert little pressure at their sides, and are usually bounded by 
a lateral moat, often over a hundred feet deep. Wind, water, and ‘ froeze and 
thaw’ are potent agents here in carrying of! the results of erosion, which 
chiefly due to ‘freeze and thaw.* 

The Riegel (bars) of the Taylor Valley closely resemble those of the European^ 
Alps» The largest! ie 3,000 feet high and almost blocks the Valley where il^ 
' latter is four milesiwide. A narrow defile 1,600 feet deep and about 4/00 yai'fl 
wide IS cuifbroil^ its northern end ; like the defiles of Bergun, Faido, Mosoocm' 
Ac., in the South-East Alps. 

The cwm and ^sfinger valleys are bounded by steep ridges 1,000 feet high (as 
' at Deviriy;Bbwb Davis Valley). They could not & cut out by normal 
glacial they are often only a mile or two in length. 

‘ 1%, that ' polifnpsest * theory wolds these two difiicultieB o£> 

Rie^l and'^nw^ leffosidn'. The cwm erosion headward cutting occurred firsirjf! 
possibly, along pre^lacial valleys, and cut out finger valleys and steps, whichi 
later were overwhelni^d by true outlet glaciers fiow^ng out fmm the Ice Plateau«^ 
■ ■ Thus the Riegel are Holies of the old cwm-hoads. The basins wero excavated by 
' nivation round the sl]^ly receding snouts of almost stagnant glaciers. X 

The by-gone s^Mratioii of the Ferrar and Taylot; ia describedjt> 

t}u>^nowtb^.aie^po0ed |h<Si^ ! 

fEwiwokTH Davii): In reg^d W Mr. Taylor’s ablg 
exposition of cwm eroa^on, I think he has proved bis point, for xnany of thm^ 
V valleya which have beeifr so deeply recessed into that huge strip of land which, 
- may, be called tfce^^nt&ctic ‘horot.\ I would suggest, however,* that we mustf 
not prew tlmt mnh the^r^^ too far. We must expect, ^d wally do find, 
den^!« jof trans^eimif fahltling in the so-called * Beacon Band^pne * f^rtnaiion* The^ 
ah4 the Mac^y glacier valleys represent, to my mind, regions oif? 
' cross fahd^g and downward slipping which have j^uced low^ points hi thei 
saggiS-arM for^&g in the great r ampaH^ of the range low g^ through;; 
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outlet valloyRj I do not tliink that we should ascribe their whole excavation to 
the work of cwm glaciers. I do not know whether Mr. Taylor would press for 
that. These main valleys seem partly tectonic, partly glacial, «nd very possibly, 
in their earliest inception, partly fluviatile. 

Next, in regard to the Great Ice Barrier, the Ross Barrier — the huge 
equilateral triangle with sides, $bout five hundred miles in length^is fed by a 
very large number bf/ghtdein^v »Xt hits been said by some that it is merely sea- 
ice thickened by additions of annual snows going ovl for thousands of years, 
until at last a thick mass tesults of sea-ice at the base, while the snows and 
' n6v6s of a thousand or more years form the remainder of its bulk. I would 
i point .asut that if that were the case, we would surely expect the Ross Barrier 
to have a pretty even cliN facing the ocean. But we do not find that condition 
, at all; we find it is very variable in height—from twenty feet in some places to 
a hundred and fifty feet in others. As this thickness is so extremely uneven, it 
. -seems to me probaole that the Ross Barrier is composed, certainly in its inland 
^’ portion, and probably in its sea face, of the fanned-out ribs of glacier-ice derived 
from the contributing' glader valleys which pour into its sides, both from the 
- south-east and from the south-west. I think, then, that this great variability of 
. thickness is proof that there is something more than mere sea-ice and old 
neve deposits (not but what the latter is an important contributor|[ helping to 
form that wonderful ice-mass, which was, perhaps, paralleled by the Pleistocene 
North Sea ice-sheet of Europe, which impinged upon the shores of Yorkshire, 
and produced those big lake.s near York itself. 

Next the question has been raised as to whether the land-mass of Antnrctira 
. has been fixed the South Pole from early geological times, or whether it has 
migrated. >tQl:Canibrian times we know that there was an extensive development 
of the Archiec^yathinie limestones. These have been described by Mr. Taylor. 
Quito lately great blocks of Archopocyathinas limestone, dredged by Dr. W. R. 
Bruce from depths of about 1,700 fathoms to the north of the Weddell Sea, 
have been identified as such by Dr. Gordon. There is evidently *a great develop- 
ment of these ArchaDOcyathinro limestones both on the Australian and on the 
American side of Antarctica. Mr. Taylor ha.s shown that the Archseocyathinaj 
: never extended into the tropical portions of the world, and on the whole were, 
"^’therefore, probably inhabitants of cool waters. This evidence suggests that the 
;axis of rotation of the earth, so far as the Southern Hemisphere, and probably 
; the Northern Hemisphere too, are concerned, was perhaps approximately where 

is now, even as far back as Cambrian time. One cannot, of course, press this 
until a great many more localities for the oc^rrence of the Archieo- 
have been identified. The problem of the ^ciirrence of a Fermo- 
Jarboniferous flora within 5? of the »South Pole itself will no doubt he touched 
upon by Profe!?sor Seward. 

Tn regard to the possible biological analogue of modern Antarctica with 
Permo-Carboniferous Australia it may be stated that in Antarctica we find an 
abundance of the 'sea mats,’ a feature which attracted special comment as far 
back as the date of Sir James C. Rosa’s Expedition. Similarly, we find that 
Fenestellidm are very common, in our Permo-Carboniferous beds, both in the 
Lovrer and Upper Marine Series, both of which are partly glacial in origin. 

In the Antarctip we find a large pecten, PuUn enormously 

abundant in the raised beaches, where it dominates every other form of mollusc. 
Also in Antarctica we find that sponge spicules are extraordinarily abundant; 
indeed, the floor of the Ross Sea must be as white as snow with sponge spicules. 
In the PeniiO-Oarboniferoas rocks of N.S. Wales large Avieiilbpectens are very 
numerous, and' spongC' spicules not uncommon., < ; 

A point wluch I yfim to emphasise because it is perhaps new, is that in our 
Jpermo-Carboniferous r^s we have a widespread development of curious mineral 
in, our marine semi-glacial l^s, to which we have given the name of 'glen- 
donite.* This glendonite is associated with glacial erratics; we find it parti- 
cularly in our .upper Marine Permo-Carboniferous rocks. It is a pseudomorpb 
after gleuberite. Sir Thomas H, Holland tells us that, in Lake Sambha in 
;Rajputana, ,S(iida sulphates, with a little sodium chloride, are concentrated and 
, thrown out in the water in winter, on account of the sulphates being less solubw 
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Kxpoditioii aro vory tU'oply iixlebted For his vahiahlo work on goolo^jir.il Antarc- 
tica, has shown that soda sulphate, mirabiliio, now crystallises out in Antardii a, 
as \onfirmed by iny colleague, R. E. Priestley. It is only in our Ponno 
Carboniferous iM'tcks. where we obtain indications of ice action, that wo also fpol 
these glcndonites ; therefore it socina to me that, inasmuch as they were developed 
in association with glacial erratics, probably the water at that time was verv 
if)ld. ‘ ^ 

Xext I should like to . omphasi.se the fact that Antarctica is meteorologically 
a groat force centre, and that its presence in the Southern Hemisphere i^^ of 
the iitmo«5t importance to the inhabitants of Australia, not only for the under 
standing of the past di.strihiition of anitnal.s and plants, hut particularly from 
the ]mint of view of meteorology. There can be no question that if Antarctica 
wore wiped off the man now. there would be much les.s stirring up of the 
atmosphere in the Southern Hemisphere than there is to-day. There is no 
doubt that Antarctica acts as a great refrigerator of the atmosphere, causing a 
steady down draught, and it i.s on (his account that it is a hig factor in 
A ust ra I i.in met eornlngy . 

In conclusion, may I .state that I consider Sir Douglas Afawson has done 
a groai work for stience in estahli.diing the meteorological wireh*ss .‘station at 
Afatcpiarie I>land, now taken o\er by *be Federal Oovernmc j* ? When one 
thinks of the great benefit that re.snlts from the more amirate weather f<ire- 
casting made possihb* by this station, forcia.stlng on the aci uraiv i^f whidi 
not only so many indiislrie.s hut the very lives of our .sailors depend. (Uje feels 
that all the money expended on Antarctic expeditions, all tlie hanlship and 
suffering, and even los.^? of lieroic life, that they involve^ are justified hy the gain 
to scieiitific knowledge in the service of Inimanity. 

Professor Pf.xck : I (b*sirc only to make a few remarks as to the gct>l«igi«al 
.structure of Antar«tit\i. It .seom.s to me there is a very great diffenuiK* in tiu* 
geol.Hgical structure of the western and ea.stern part.s of .Antan tit a. .\lf»ng the 
Hrirdmore ni.uier there is no tince of mountain-making hy fohling since the 
Pahcozoii ag<‘. On the other hand, the region south of Soiitli Ameiii.i ha-^ tlic 
‘stitutuic f/i‘ the Ai»tlc.>, and it has been .vhovvn that tljiue are the .«.iiue rof k.s in 
the we.stcrn ]iart of .^orilh America as in wc-tern (Inham b.nid. and a very 
similar .«t*'lioii of Afe.^ozoii ro» k.s in Patagonia and in easti'in tiraham liiuni 
\\'i‘ scf\ in Australia the (ounterpart of ea.<tern Antantica. Tfow arc these two 
f’lait-' of Antaifti. a joine»l tog«*thei I think this i'^ .’^till a very open ♦jue'.tion. 
.n»d one whlih offer.s a wide field for future exydorat ion 

Mr. Tf. T. Fkruvh : Firstly, I would point out that the hill maiUcd .T on the 
‘Discovery’ maps is separated from the foot of the Uoval S«»ciety S«arp hy a 
traii.‘''versc valley whi.-h wo (ailed the Snow Valley. On a sledge journey np tlie 
Hlue tHjitier we were able to look along thi.« valley and r**cogni.se .Mi>unt Kemiu* 
.st.indingSiit its .smithern end : on a journey to the .summit of BrcoMi Island vve 
were ahle't?*) .set* into (hi.s valley over (he top.s of (he Southern Fo(»thills wliidi 
have a sharp and definite ae-Ht. One (»f the lantern sHde.s just shown hy 
.Mr. Taylor exhibited a long cloud hanging a.s a festoon along the .srarp of the 
Ibtyal Society Range, and reacliing from the northt‘rn foot of Mount K(‘mpc 
np to the we.slern fool of the hill J, whiih I think helravs tin* presence of this 
iran.sver.se valley, although its exi.stenee is denietl hy Mr. Taylor. J do imt 
agree with Mr. Taylor that thet.e * fifiger-valleys,’ as he ierm.s them, head in the 
corries of the Royal Soiiely Range. I think tlie ice ma.sses in them are remnants 
of glai iers which once had their origin on the oast face of the Royal Soiiely 
Range, and then pushed acro.s,s the transverse valley into McMurdo Sound. Tin* 
i' e-ma.sse.s have now .slipped away from their sourct‘.s, and are the ‘ ice-.slahs ’ 
shown .somewhat conventionally on the ‘ Discovery ’ maps. The late Dr. Wilson 
at the .south end, and my.self at the north end of the Southern Foothill.s, proved 
that the ice in these .so called finder- valleys docs not now meet that shod from 
the Royal Society St arp. 1 think Mr. Taylor jonrneyed too close in under these 
foothills to realise that thi.w transver.se valley really exist.s. 

Secondly, wo had the good fortune to see the Royal Society Range from 
.several points of view, and to n.s it stood nut ns an ohloid cruKt-hlock with a 
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trsinsvi-rso valWy (tlie Kinmanuol Olacier) separating it from the lunlerl.iTid of 
til is laiitudo. 

Thirdly, the three valleys indicated on the ‘Discovery* m.ips to tlie iinrlli* 
wnnl nf the liihiiid Forts probably liave some connection with the Wright and 
Debenham outlet glaciers mapped by Mr. Taylor’s party on tlieir journey to and 
from Granite Harbour. 

With regard to the Groat Tee Barrier, 1 agree with Profe.ssor David as to 
the origin of the ice of the Ross Barrier and other floating Piedmont glaciers, 
and hold to my view that they are due to the inland-ire draining through the 
oidlet valleys, and crowding upon itself on the coastal platform of the confinont. 

I The following slide.s were then exhibited : — 

(1) The Admiralty llangc, showing fault-block ranges of mountains. 

(2) The Beacon Heights, with no .suggestion that the Beacon Sandstone on 
tln» .sirlo.^ of the Ferrar Glacier was other than a single formalirni intruded by 
sills of dolerite. 

(:i) The Cathedral Rocks (with granite hills in the foreground), .showing the 
rocks ill ascending order which go to build up this portion of Antarctica. 

• (!■) 'Die Kukri Hills— a line of junction between .schists and gneisses r>nly 
sligliily eroded by a glacier occupying what is probably a faiilt-lrac*e. 

(o) A view of Knob Hoad Mountain, to explain the movement of the ice of 
the Ferrar Glacier and of the South West Arm, into Taylor \"alley. 

(()) 'J’he Inland Forts, rasped but hardly eroded by the ice which once pas.«;e(l 
hetween them from the Ferrar Glacier over into another drainage .system. 

(7) The channel between ice and rock at the foot of Knob Head Mountain, 
showing liow spnr-truncation is brought about by the agency of water ratln r 
than by a rock-chargod ice-rasp; also uplift of englaoial material where two ice- 
si reams moot. 

A map of Antarctica and the Southern was next referred to; the ca^t- 
\v< ‘^l fohJ.s of South Africa and Victoria (Australia) were indicated, as was also 
llic siihinniiiic furrow between this ridge and tliat of tlie Grozels, Kerguelen, 
vVe , and yet another furrow betwefii this island-ridge and the main coast ol 
tlie Aiilaielic, and reference was called to the late Dr, J. Milne’* view that east- 
ue.'^t belts of the earth's crust were more rigid than meridional belts. 

AntarctiiJi itself would seem to have lieen .subjected to a torsional stro<>. 
which w'aa relieved by rupture along a meridional line nowr marked by the steep 
roast of .South VictoVia Land. That ))ortion embracing Coats Land, Eiiderhv 
Land, Adolic Land, and South Victoria Land stood firm, while that portion 
now beneath the Kos.s Sea and including Ethvard VI f. Land foundered ; owing 
to gain in angular velocity consequent on the earth's rotation it foundered east- 
ward, and .slipped round in an easterly direction until retarded by some ohst.aclo 
near the longitude of Cape Horn, 'riie pressures created by this retardation 
pnihahly caused the crustal Inukle or Andean fold of the Graham J.and region.] 

Mr. F. Stillw^kij. : At roininon wealth Bay in Adelie Land is a small rocky 
]»romontorv of about half a square mil© in area. Around it were found slight 
evidences of recent relative uplift. The rock itself W’as a gneissic granite, w’hich 
was very fresli and .showed very little .siii’face w’eathering. (Samples on the 
table indicated the fresh character of the rock at sca-level.) Inland was another 
oxposure of rock w'hieh, in contrast to the sea-level rock, showed marked weatluM 
ing. This inland rock was similar in character to the sen-level rock, and had 
l•vi(lently l)een exposed a much longer time, and it clearly show’ed that the sea- 
level rock had not boon exposed sufliciently long to weather. The ice-ablation in 
the winter months was considerable and amounted to aboTit four inches, and 
e.Kreeded the summer accretion. It is quite possible then, that Point Denison 
has boon expo.sod within the last luindred years— a very recent change. From 
the accounts of the second Base Party, 1,1(X) miles westwards from Adelie Land, 
the snow-accretion seemed to be in excess of the snow'-ablatioii. The rondilion.s 
tlius .appear to be variable in this quadrant of the .Antarctic. 

Captain .ToiiN K. DA^ is ; Much has boon said regarding the p.asi and present 
of Antarctica; T propo.so to say a few w'ords on future investigation, w’bicb 
will so greatly benefit by the wmrk of those who have gone before. Land 
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journeys, nnportant as they are. must be supplementtvl by the in e«<ti{j[a(iun 4 »f 
the coast line if we are to projivess towards the completion of ni ouUine map 
of .Antaritioa. The .Antarctic Coast lino has boon OKtimaled ly Proftssor 
David at 15.(X)I> miles, only 4,(X)f) of which have been explored; it is hii»h time 
that a complete cireuinnaviiration of the Continent W'a» undertaken and its out 
lines corroi tly laid down upon our maps. 

The Australasian Antrnvtie Expedition under Sir Douglas M wson may he 
said to have hoguu this \York of tnrcnmnavig.it ion. .Sixty degree, of longitude 
in the Australian Quadrant were investigated by this expedition. When he.ivy 
paek*tnadc a near approach to the coast impossible, the aid of the sounding 
machine was invokedi and supplied evidence as to the probable disUnce of 
tho land. As a result of the voyages of tbe * Aurora/ a complete s. ctiob of the 
sea-floor between Hobart and the Antarctic is available. This 8ecii(m .shows the 
big rise 201 miles soutli of Hobart, where the water shoaled over l.tXXl fathom.! 
in 5() miles. Tlu^ rise was traced for a otmsiderable distance on a southerly 
course (alwut 125^mi]e.s). The least depth found on this ridgo was 645 fathoms. 
Compared with soundings taken in adjacent waters to the east and west, which 
ranged from 2,7(X) to 1,570 fathoms, it may be conjectured that tho ridge rises 
at least 10,000 feet above tbe general level of the sea-iloor in the neighbourhood. 
The bottom for the most part is hard find rot^ky, but no specimens of the rock 
were obtained. Further .soutli another smaller rise was indicated — investigation 
in this locality will probably disclose others. Improved methods, and the ex- 
perience gained by recent oxpe<litions should enable future explorers to return 
not only with a map of the lands they have seen, hut also w’ith a knowledge 
of the floor of the ocean over which they have sailed. 

The work of the Anstr.ahi.<«ian .Antarctic Expedition ended at Oanssherg. 
From this point another 90® of longitude stretch westward known as the Afiican 
Quadrant, the mo.st proini.<«ing field for exploration remaining in the Antarctic. 

An interesting feature of the work of tho .An.stralasian Antarctic Evpcdiliim 
was that close to the po.sition assigned bv Wilkes to Termination Land a huye 
ii'c formation (of the same type as the Ross Uarrior) extending over 160 miles 
from the in.^inloiul wa.s disc^ vered. The se.iward end of this formation wa.s 
named by u.s Terinination Rairicr Tongue, it.s po.sition is one of considerable 
interest in view of the unsuccessful attempts of the ‘Challenger’ and t!«e. 
‘ riaiiss ' to locate Termination Land further west. 

Lieut. Wilkes, in his narrative of tho voyage of the ‘Vincennes' wrote n.s 
follow.! ; ^ ‘ On February 17 (I84t^)} about l6 a.w. we discovered the barrii r 
extending in a line ahead and running north and south as far as the eye co\ih\ 
roach [this evidently refers to a line of pack-ieel. Appearance.! of land were alsu 
seen to tho .south-w<iSt, and its trending seemed to be to tlie northward. We 
were thus cut off from .any further progres.s to tlie wo.stw,ard, aful obliged to 
retrace our step.! , . . we were now in longitude 07® 37' E. and iMfitiulo 
6f>® 01' S.’ Tho appearance of land referred to w'as placed on tho published 
charts of the expedition nearly fifty miles from the position given above and 
named Termination Land. Allowance being made for the, difficulty of obtaining 
precise longitude in those days, everything points to the fact that Wilke.s did 
.sight the great ice- tongue we afterwards rediscovered. 

The configuration of the great inlet in the pack-ice as shown on Wilkes’s 
clMri, and named Repulse Bay, made it evident to us that some obstruction 
(either land- or barrier-ice) interfered with the free passage of the pack ice 
to tho west; our subsequent discovery confirmed this belief, and provided the 
confirm.ation given as to the accuracy of the work of this courageous pioneer in 
the locality. 

Profos.sor R. N. Rudmosm Brown : Professor Ponck has referred to the 
importance of the structure of Antarctica. That, to my mind, is the chief 
geographical problem to be solved in the Antarctic. There lias been speculation 
as to whether Antarctica is one land mass, or two with a etrait between them. 
It seems to me there is no room for that strait across Antarctica, because of 
the discoveries by Shackleton and Amundsen of the land bounding^ the Ross 
Sea. On the Weddell Sea side discovery hjis left a gap in the coast lino, where 
there is certainly room for the strait, and yet prolxibilities arp against jt. 



417 


TRANSAeriONS OF SECTIOX D. ^ 

It is ill tliat Pjnrion of ilio Woddoll Spa where the douhlful Morrell Land or 
Nnw Sontli ( irot iland is plat'C'd. Without going into all the evidence regarding* 
Morrell, this mi >'h T would like to say, that nobody has ever sailed over the 
position of Moi-ell Land, or disproved the position of it since it was first 
ii port.'d. Ih.ss, a very oautioua explorer, reported appearance of land about its 
norfheni oxlreui.ty. The Scottish Expedition could not get into that region 
Ix’ejiuse of the heavy ice, but the soundings seemed to shelve towards Arorrell 
Land. It is ti'.e that Lieut. Filchncr reported that he disproved Morrell Land; 
howinrr, he did not go .sufficiently far west to sight it, so his statement is of 
iio value. 

Till* Wodd« II Sea has been very much neglected. The Ro.*(s Sea quarter has 
had great attention paijl to it, probably because it Ls the nearest and mo*.! 
direct way to tlie Polo. 

Nobody lias yet landed on Coats Land, nor on Leopold Land. There was uo 
possibility of landing on the ice cliff of Coats Land when the ‘ Scotia ' di.'^- 
covered it in 1904; but there was no doubt whatever about that ice-cliff being 
a part of the ice cap pouring off the continental land. The deep-sea sounding.s 
and deposits by themselves showed that, but what I would like to emphasise 
i.s this : that Coats Land seemed to rise in the interior to great heights, but 
we were not certain of the distance of these heights. Most of us, and particu- 
larly those with longer sight and more experience in polar seas, were ronvincctl 
that this was the plateau rising into the interior to heights of perhaps Jf),000 
or 15, (KX) feet. Future exploration will, T believe, confirm Ibis. It is to })e 
hoped that Sir Ernest Shackleton will he enabled to start on his tran.s-continental 
cxpetlitioii, because -he will score a new track across Antarctica, and incidentally 
will solve this problem of the structure of Antarctica towards the Weddell Sea. 

Dr. C. 0. Simpson: T desire to refer to only one matter connected wdth the 
Antarctic. 1 <lo not think we realise sufficiently that the southern hemi.sphorc 
is much cdhlor than the nortlieni holni.^ph^*rl^ and the reason for this different e 
in temperature is certainly not understood by scientists. When we think of the 
temperature of a place, \vo think of the temperatnro in the lower atmosphere. 
Now the more passage of light through the atmosphc‘re will not warm it. The 
main method in which the atmosphere become.^ wanned up is by the sun shining 
on .‘«omclliing it can warm. Now, in the Northern TTcmisphere there are large 
maR.se.s of land which can absorb the sun’s energy, and then give the heat to the 
atmo.sphere. fu the Southern Hemisphere, on the contrary, the whole mass of 
land ^^ithi^ the Antarctic continent is coverod with ice which is practically 
a perfect reflector, and therefore when the sun shines on to it a large proportion 
of the energy is reflected into space. T do not think scientists have quite 
icalised how important that is- that r>,()(X),0()0 square mile.s of the earth’s surface 
in the Southern Hemispliore reflect into space a large part of the energy received 
from the sun. 1 feel certain that tlii.s is one of the chief reasons for the 
tliffci«‘MCc in temperature between the Northern and Southern Hemispheres. 

Mr. CnAiiLKS HEOr.F.Y : Naturalist.^ have deduced the ago, climate, contour, 
fauna and flora of Tertiaiy Antarctica from the nature of the Antarctic refugees 
now living in southern lands. Biologists noto that many similar forms, either 
recent or fossil, are repeated in various sonthcrii islands or continents. For 
instance, there are the monotremes, once perhaps a numerous group, of which 
two widely different types survive in Australia, Tasmania, and Papua. The 
hones of other monotremes occur in South American deposits. Then there are 
the Thylacines, recent in Tasmania, and fossil in South America and Australia. 
h3itlier we must consider that these groups arose independently in each 
homisphero, or that they spread from the one to the other. In the latter case, 
a South Polar land offered the most direct way from home to home. The 
simplest explanation of the distribution of marsupials, past and present, is that 
they originated in South America, spread by way of Archihelenis to Western 
Europe, by way of the West .Indies to North America, and by w^ay of 
Antarctica to Australasia. 

Turning to the Amphibia, both the Hylid:r and the. Cystignathidie have 
their chief seat in South America ; both extend to Austr.ilasia, where they 
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avt' best iU‘Vi‘lo|)eil in tbo snulh east, uiul gvaduaUy vanish b foiv toa-hiug tin* 
•Molncoas. Uert* again tho most direct road between the two < ntrf.s hes acioss 
Aniaivtica. r>v tumulati\c e\idence from plants, both rrvptn.^unv .p.j 
phaiu'H'gaius, ^rom animals, both vertebrate and invortel'nite of many and (.t 
varied types, we are led to ti\o cotiolusion that the way they might h iM’ g.uM' 
was the \v»y they jutnally wont. 

A prot)lem ^Yhich geographers seek to solve i8--\vhother * lere are rmw one 
or two Anturetic.is. and again we may ask whether in the Mio ' iie tl»ero waK one 
Atdaretiea or two Antarctioas? If there was only on<», wdiy did it not di-fri 
biiU* its faunal contents evenly betwvcn Auslraliii and New /.ealand lf lint if 
there were two, or more* did oiie contribute to the popuhition nf New Zealand, 
and another to that of Australia? 

Tliottgh the fauna and flora of New Zealand are obvimiHly indebted to 
Tertiary Antarctica, yet New Zealand has not received miy of the verte- 
brates mentioned j there are neither monotremeSi marsupials, Hylidie, nor 
Cystignaihidie. Further* the differences are positive as well us negative. In 
New Zealand there i.s a group of earthworms, the Aoanthodrilids which ret nr in 
tkmth America, but not in Tasmania or Australia. The fuchsias* wdiicli are 
mostly Fk)iith American, have a few outlier.^ in New Zealand* but none in Tas- 
mania; the bushy Veronicas are mostly from New Zealand, but there are a few 
in South America, and none in Tasmania. 

The Antarctic constituent in the Australian flora and fauna includes both a 
frigid and a anbtropical element. Ifow was it that both these incompatible 
elements could issue from the same source? The answer offered is that tlien, ,is 
now, a high plateau existed in central Antarctica, wdiero the frigid forms Invd 
their .-talion, while the subtropical speries existed on the roast. While tlu* 
(•lim«ate cooled, the lautMink between Antarctica and Tasmania endured till 
tile alpines in their turn followed the retreat of the Fubtropi<‘i»l forms 
northwards. 

The c(3iicln.sions n‘/<ched from tliis comparison of soutlicrn flora ami fauna 
are th.it: (1) at or about the Miocene a subtropical climate i»re\ ailed within 
the Antarctic circle; (2) before, during, or after this warm epoch, land exten- 
sions jutted north from Ai.tarctita to New Zealand, to Patagonia and to Tas- 
mania; /3) .southern floras and faunas availed themselves of the opportunities 
for inigiation offered by these exteiisions. Relics of those migrations are onv 
only evidence of >ach changes of land and climate. 

Professor A. C. ^^ewaro ga\^ a brief account, illustrated witli lantern 
slides, of .«40ine of the fossil r lants collected by members of ra])tain 
.««ectind ex|>editioM, wdtli special leforerKo to Dr. Wilson’s di.scovery of nios.^opteris 
in latitude 8outb. Fragments f»f well j»re.«erved leaves of rh imfirtt 

found in the rocks of Buckley Island, a ininatak on the Beardinore glacier, 
afford important evidence both as to the age of the Btvicon »Sandstone forrnntinij 
and as to a former connection between Antarctica and Oondw.ana Land. Tlie 
geological distribution of Glossopteris in other parts of the w’ovld suggest.s that 
the .strata of the Buckley Nunatak must be assigned to tlie Permo-Carboni- 
ferous period. In addition to Olossopteris, the Polar party found fragments of 
gjTnnospermon.s wood and impure beds of coal. Mr. Priestley, a member of 
Commander Campbell’s party, obtained a large piece of petrified wood from a 
sandstone boulder on the Priestley glacier in latitude 74® S,, which on invc.sti 
gallon proved to be a gymnospermous stem of considerable botanical interest ; 
the wood shows w^ell-marked rings of growth and exhibits Araucarian rharac- 
t^rislic-s, but in .view of the possession of certain peculiar features it has been 
described under a new generic name ;i.s Antnrrtir.oxylon PrUstUyl. This stem, 
though particularly interesting from a botanical point of view and as demon- 
.straiing the occurrence of well-grown trees on the* Antarctic coniineut, dons not 
afford any conclusive evidence of geological nge. Associated with the partially 
dewiyed tissues of Antarcticoxylon was found a Avinged pollen-grain, described 
a.s Pitj/osporiti>/f sp., which bears a striking resemblance to the pollen of recent 
AbietinesD. 

In conclusion, reference was made to the bearing of these important dis- 
coAwies on climatic considerations* and it was pointed out that, while there is 
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(lour (vidonce -.f a considerablo change in climatic conditions sinre the period 
v.’hon < JloRSopti ■ is flourished on the Antarctic continent, there is no adequate 
reason to assiiir a any change in the position of the earth’s axis. Meagre as it 
i'!, the nialnrial collected by the Polar paity calls up a picture of an Antarctic 
hiiid on ^vhich J is reasonable to believe were evolved the elements of a new 
flora that sprej^-l in diverging lines over a Pahcozoic continent, the flisjvncia 
invmhio of whi h have long been added to other land-rnas.«es, where are preserved 
botli tlio relics of the southern flora and of that which h«id its birth in the north. 

The Presid nt (Prof, W. Bateson) then declared the discussion closed. 


4. Heredity of some Enioii(nial Trails, 

By Professor^. 13. Davknpout. 

While sociologists, who lay great stress on the importance of conditions in 
determining human traits, have been forced to admit the hereditary basis of 
fecblo-mindedness, they still hold, for the most part, to the view that in the 
moral field heredity plays little part. Both to test this view and Ixicause 
of the theoretical importance of the subject, the topic of inheritance of the 
traits of persons of the criminalistic typo was undertaken. 

The base of the study is the family history of 165 wayward girls in iStaie 
institutions of the United States. The family histories were secured by 
specially trained ‘ field- workers,* operating in conjunction with State Institu- 
tions and the Eugenics Becord Office. In addition, for the study of special 
topics a mass of other family histories, some 2,500 in number, was drawn upon 
freely. 

As a general result of these studies about twenty traits were considered in 
.simie detail. Many did not yield any clear-cut results; but in at Ica.st five 
cases the hereditary factor was clear and evidently determined the behaviour. 

1. The tendency to tantrums — or violent outbursts of temper — in adults is 
inherited as a dominant trait; that is, it does not skip generation.^. In several 
scores of histories it was possible to trace the tendeney back three, four, and 
even five generations. 

2. Violent eroticism, or striking lack of self-<.oiitrol in the sex sphere, is 
also a, positive character, and likewise is traced hack without breaking genera- 
tions; and half of the offspring of a highly erotic person show similar irresistible 
impulses. 

2. Impulsions to suieide aro accompanied by depressions. In harmony with 
what has been shown for some, typos of mania-depression insanity, it appears 
that this depression is inherited as a reces.sive or negative eharaoter. It 
ordinarily skips generations; but the tendency is ordinarily found on both sides 
of the p<arontage of the affected individual. 

4, 5. Two other traits ap|war, remarkably enough, as sex-linkcd charaetors. 
'Dioy aro transmitted through mothers to some or all of their sons. Tliey 
fi]>j)ear in daughters, typically, only when shown by the father, and the tendency 
is carried also by the mother. If both parents show the trait all children have 
the tendency to develop, in due time, the trait. These traits are dipsomania 
and certain other types of irresi.stible impulsions to drink, and nomadism, or 
the. impulsion kT wander. 

. 5. The Hormone Theory of the ITcrcditji of Somatic Modifications. 
By Dr. J. T. Gunmnoham, M.A. 

Darwin’s theory of the origin of species was founded on the assumption that 
species were divided by differences of adaptation. It may bo true that allied 
species sometimes differ slightly in their mode of life, and show differences 
of structure corresponding to these differences of action ; but investigation has 
entirely failed to prove any utility or bionomical significance for many specific 
and utiior diagnostic characters, and the assumption tliat such characters are 
due to correlation with adaptive characters is without foundation. 

Mondelism in itself throws no direct light on the origin of characters; it 
deals merely with their transmission. It is inferred, however, by the 
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M»*n(K'lian.s that iharactors transmit toil aa units must Inivo ai ''on as units, uni 
it is coi’lairi that Momlolism has shown how loss of oharaot- »‘s and now njfn 
hinations produce now variotios or tvpos. It is roasonable o conclude fioin 
present knowledge that iion-useful iliagnostic characters ha e aristMi as tlu* 
result of gamctogenesis and oonjugahou; but the principles “f Mondolism or 
mutation are not applicable to tlto phenomena of adapUlion. 

In the first place when we see, as in the frog, the flat-fish, or the caterpillar, 
adaptation to two quite different sets of conditions in the individual life, it is 
impossible to believe that such transformation was due to mutations not caused 
by the external ix»nditions. There is no evidence that the necessary gradual 
changes could occur unless the conditions produced them; if so, why liave they 
not occurred in other cases when the conditions w^ero absent. 

In the second place we have the phenqinena of secondary sexual characters, 
of which one of the most iiiqirossive and most fully investigated is that of the 
antlers of stags. The Meudeliaii merely regards such characters as mutations 
which are coupled with primary sex. Tlut primary sex is determined ;d 
tortilisation, and such secondary sex characters have been shown to be de|>*‘ndj-fit 
»m the presence and function of the gonads. Characters wlu('h are determined 
in the gametes are not geuf rally affected by computations of gr)na(U at any 
part of the hotly in after life. It has been shown that the effects of east ration 
on the development of secondary sexual (haracters are due to the stin ulns (•! 
chemical sub-stances produced by tin* gonail«i. especially in their functinn.d 
a» tivity. 

N'o hypothesis explains these farts except tin* LaniarcUiau, namely, that t.n' 
stimuli involved in the us».' of the organ originally produced llieni by r.in.^ing 
}»\ pertroi*hy in the jjan of tln> ^nmn affedotl. and tli»it in course of geneiati<»M 
the tendency to this h>p»‘Uioph\ was (lansiuitteil to the gamete.s. 'J’he honnone 
theory explains how siu h trensmissioa may be effetteil. 'J’he hypeilrophieil 
give> «>ff < h<‘micai substances r»r iKnmoncs which (‘irculat(‘ through the boil\ . 
ami :otin-g on the gann-tes those p.nts of them whidi are destined 1o 

deveh*p the same pails in the next geneiatH»n. The transmitted t*ffe« t may be 
inliijitesimal at fii.st, but if onntimie«l f»>r many generations would arx-ount for 
the phenonu'ua w'e now observe. 

'I'his, of cour.se, would account ft»r the IraiiMuission of all somatic modifica- 
tions due to externnl htiiniili, ami a. st»eeial applitation of the tbe<u-y is needi-d 
to explain thej peculiaritie.s of functional .scsoridary sexual characters. 

In tlie first place the stimuli in these cases have acted only on imlislduals of 
one .scx, on the males in .stags, on the females in the ease of the mammary 
glands. On any other theory a variation occurring in rme sex would be iidieiit»*(l 
l»y both .sexes unless it wa^ coupbal with prinmry s**x, and then it v. ould lx* 
wanting in the other sex. Ihit antlers are not waiiiling in females nor mammary 
glands in males : they are only md developed. On the Imrmone theory the 
.-^rmiatic modifications were produced at the time when the gonad.s wen* giving 
off their hormones, and thii.s the tendency which i.s inherited is to develop thesr 
modifications in the presence of tbo.se hormones and not otherwise. 'Pheu we 
ran understand why the orgari.s develop only at puberty, and often only ilevelop 
during the period of .sexual arfivily, being shed or absorbed at the end of that 
perioil and rc-developod. 


^ 0. Son/p FarU reqanVinrf thr Aiutlomif of Ihe Genus IVgnsus. 

T» By Professor JIkctok F. F. rfi NOKUSKN. 

facts, briefly condensed in the following abstract, have-- for the greater 
pa^,rt “ hitherto been overlooked or unknown. 

y Cranial HkfMon. — Opisthotic.s, alisphenoids, orbitosphenoida. and basi- 
J'Pfhenoid absent ; no eye-mu.srle canal. Po.st temporal (.suprascapular) forms part 
of ..the .skull. Three stout infraorbitals, the middle and po.stcrior firnily con- 
nected with the pieoperde. Opercular .apparatus complete. The largo flat 
prf3opcrcle, covering most of the lower face of the head, has gdierally been 
ta ken as ‘ homologous to operculum, pr.'copcrculum, and auboperculum * 
(f Jiinther), while the very small opercle and subopercle, hidden in thick skin, 
have completely escaped "attention, Interoperculum slender, widely separated 
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from Mihopciclf, only its anterior end visible from without. The prominent 
lostruni (much .shortened in females of l\ draconis and P. volam) is formed by 
the coalesced nasals. Ptery go-palatine bar very shortened, consisting of the 
palatine and only one pterygoid (ento- and metapterygoid wanting), completely 
.separated from hyomandibular suspensorium and connected with anterior end 
of vomer j together with premaxilla and maxilla lodged in a precranial cavity 
below the base of the rostrum. Between premaxilla and maxilla is interpolated 
a largo separate bonoi corresponding to a small cartilaginous disc or meniscus 
found in other fishes. Front part of maxilla forming a large process projecting 
over premaxilla into anterior part of tho subrostral chamber. Mandibular 
suspensorium consisting only of hyomandibular, symplectic and quadrate. — 
Branchiostegals 5| well developed (hitherto only one observed and described as 
rudimentary). Basibranchials 2; lower and upper pharyngeals with conical 
teeth. Hypobranchials I.-lII. present; epibranchial IV. very long and stout, 
widely separated from its ceratobranchial. Pharyngobranchials II. and ill. 
fused into a well- developed dentiferous plate; pharyngobranchials I. and IV. 
absent. 

Clavicular arch consisting only of post temporal and clavicle ; part of the 
latter enters the dermal skeleton of the trunk. iSrapular arch and ptctoral fin 
almost horizontal, their inner faces looking upwards. Foramen scapulare 
bounded by both scapula and coracoid; the latter with nrocesse.s fa.stened to the 
ventral carapace. Articular face for pectoral rays fixed across a slit in tlie 
carapace and made up of part of the scapula and three stout basals. 

Pectoral rays unbranched, but fundamentally like soft rays; they are jointed 
distully, .stiff basally, and composed of tw'o longitudinal parts; but owing to the 
Iiorizoiital position of the fin the otherwise lateral constituents in Pegasus are 
upper and lower, and instead of being equal halves, the upper is much more 
slender than tho lower. In the so-called pectoral spines of P. draconis and P. 
n)lanf^ tlic upper constituent is almost thread-like, imbedded in a furrow along 
tin.* lower one, which may be extremely stout (r/. especially the 5th pectoral ray 
of P. volans) ; the original jointed condition is much obscured but always obser- 
vabh*, and tho extreme apex is ahvays soft and distinctly jointed. 

prlris largo (to a certain degree resembling that of Sc bastes), by means of 
hliort liganiouts fa.^stened to the clavicles. First ray of vrntral fin a wcll- 
dcN eloped, true .‘«i)inous ray (hitherto completely overlooked); one or two 
elongated, unbranched soft rays and a slender short one (Pegasus draconis, P. 
rnlutis, /*. nntans : 1+2, P. lancifer 1+3).- ■Abdominal vcrtebr(c 7 ; the anterior 
(i immovably joined, devoid of riba, provided with large spinous processes 
forming together a long ])arliliun, the upper margin of which (fnmi vertebra 
2 to ()) carries a modified intcriieural, probably representing an aborted first 
dorsal fin. 7th vertebra movable, provided like the Sth (tlie first caudal) with 
stiong ribs (probaldy ‘ opipleurals * rather than true ribs). Number of caudal 
vcrt<‘brie : P, draconis 12, P, volans 13, P. natans 15+ Vertebrie S-12 con- 
nected with 5 dorsal and 5 anal interspinous bones, all bisegmented; first 
and inter.spinous bone considerably enlarged. Last caudal vertebra terminat- 
ing a.s a vertical plate (probably the urostyle fused with 2 hypurals), 8 caudal. 
5 anal, and 5 dorsal soft, unbranched rays. 

The main longitudinal musdes of the trunk have been modified under tho 
iiifl Lichee of the immovable carapace. The dorsal and ventral portions are 
separated on each side by a considerable interspace, the lateral body wall con- 
sisting oidy of the dermal armour and its peritoneal lining; besides the anterior, 
part of the dorsal portion is mainly reduced to a flat thin ligament. In the 
posterior part of the trunk and in the movable tail the longitudinal muscles are 
well developed, with strong tendons inserted to the dermal skeleton as w^ell as 
to the vertebrae. — Gills four, each a double row of leaves. Pseudohranchia large, 
wdth 6-7 leaves. — Gill-rakers small, papilliform; a slit in front of low^er 
pharyngeal. — Air-bladder absent. The greater part of the contents of the body 
cavity lodged in front of pelvis. A largo left and a small right lobe of the 
liver are connected by a narrow bridge below tho aliincntiiry canal; most of tho 
lobes situated dorsally to the latter. The wndc (esophagus passes into the quite 
straight and simple stomach, which again w+thout any demarcation continues 

* /*. lancifer I have not had the opportunity to dissect. 
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in the intostino, tlie boc;inniiig of thu latter only iiulicaleil by \\e eiitraiKe of the 
bilc-dui’t. A gall blaiUUT on ilio lower face of tho Uvoi lobe. IVltimi tho 
t’ntr.itu'e of the bilo-ihict the inU'j#tino turna to the h'/t aide after two convo^ 
lutions below the left liver-lobe it ruaa triAUsversoly untler lie liver bridj;o to 
tho ri.;ht side, and after two narrow convolutioiia it reaches t •* middle line and 

as the colon pas>es over tho poKis to tho anus. — Tho kiUtu\ < are roniarkahly 

short, reaching from the skull over only one-third of tho bo' y cavity; urinary 

duets long, urinary vesicle lar^e^ bilobed. Ovaries closed sacs bihiiul tho 

kidneys, orithicts short and whlc. Teslrs short and narrow. Tlio caudal vnn 
divides into ^iro Inrtjt: rdns passing alun^ tho urinary duet into the kidiieys. 
Tho aorta follows in the trunk the right side of the verte'- uc, giving oh tin- 
arterU cadiaca far in front, just behind tho union of tho branchial arleria* 

revehentos. 

TJic facts mentioned above clearly show tho Pefjnsu< (1) to hi- an 
Aiantliopterygian, (2) to represent at least a ‘subqrdcr* of its own, diatiii- 
guished by .several structural peculiarities from all fishes hitherto known (see, 
for exaoiplc, the quite unit|ue preeraiiial position of the pter^^go-paiatine bai 
together ^vith the prema.Killu and maxilla, the connection of the latter bones by 
means of an interpolated bone, &c.). Possibly the Pet/fttfithr (Ilyiwslomidrs) 
may be a strongly modified offshoot from the stem of the Sekroparei ; but no 
existing mail-cheeked fish shows any closer relationship with the Prtjiiatdtt , 
certainly not forma like or rUpidoph oroides. 


7 . AcqiiinhJ Habib of Muscuhr, (Sheep-MagyobFlies). 

Uy ^VAL^^n W. I kogoatt, F.L.S. 

At the present time the must serious enemies of the land-owners and 
5<iuatters in the greater part of pastoral Australia aro several species of blow, 
llies. Forsaking their natural food, chielly carrion, they have acquired the 
habit of blowing any soiled or damp wool on otherwise healtliy sheep. 

Ail the tlies in question, though well-known indigenous .species common to 
the gieater part of Australia, ordy Icriiiit the value of soiled wool as a suitable 
place to deposit their eggs, <u* living maggots, within the last ten «»r twelve years. 

Previously they were kmiwn merely as ‘ blow- dies.' h'everal kinds came into 
the house and dropped their eggs upon meat, or at times infested open wounds; 
but otherwise they were simply soavengers. Others were found about decaying 
animal matter in the vicinity of killing yards or butrhers’ shops^ a few feasted 
upon rotten fruit and surh like lermcuting vegetable mritter. At the present 
time (191-f) at least f<nir .-specie** ha\e been bred in. and identified from, soiled 
wool taken from sheep running in the paddocks under exactly tho siime con- 
ditions that have prevailed in shcirp breeding in Austiului for the last twenty- 
five years. 

Though this wool -blowing habit was unknown iu this country until about 
twelve years ago, it is icmarkable that in Great Jlritain, from a very early daUi 
in the records of sheep husbandry, two species of ‘blue-bottles* or ‘blow-fiies* 
have been known to do a certain amount of damage in exactly the 8;ime mann<*r 
to the .shepherd’s flocks. Though cosmopolitan in its range, Lucilia stricata, 
tho common sheep- fly of Great Britaui, has never been recorded as having affected 
healthy sheep in any other jiart of Uie world, except in one isolated case, when it 
was accidentally introduced with sheep into Holland. Prior to 1903 there may 
have been occasional case-v of blown wool, under exceptional circumstances, ns 
has been clnlrncd by sheep-owners, when discussing* the question of slioep- 
maggot-flies, but it was certainly a comparatively rare occurrence to find ])utrid 
blow'n wool. About the end of 1902 the writer first obtained samples of shorn 
wool containing living maggots; and in the following season they were reported 
doing considerable damage. Spotimeiis were received for identification from 
the owners of flocks in the north, uortli-vvest, and from a large area of tho 
southern plains. 

At first the point of infestation was round the tail where the wool had been 
soiled wdth the urine, and the injury was chiefly confined to close- woolled stud 
ewes. Within a very short time, however, the flies found thaji other kinds of 
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• lamp wn«)l \v( 0 rtiiitablc, and though the jsheep with tho thickest flceccisi and 
'.winkled skins iro the most susceptible, no class or breed of sheep is exempt in 
a Uid lly yojii’ Ewes, too, were tho first that suffered, but it was soon evident 
that both s<»,xe were liable to infestutiou if weather conditions w'ere favourable 
and flics ubund mt. Wethers are blown anywhere if dirty or damp, and lambs 
after t iiling and marking are often so badly blown that a certain percentage die 
(iespito tho gr« itest care; while on the large holdings in Central Queensland, 
\\lHire the syslt m of marking is more rough and ready, thousands of lambs, 
particularly wc her lambs, are blown, and in some cases might be said to bo 
f aten .jlivt*. K.iiiis, though they often get ‘ maggoty heads * from the after-results 
of fighting, w'< re the last to be attacked on the body wool. But it is now quite 
a coininoii thing to find a number of stud rams badly blown about the crutch, 
and tho maggots swarming on the wool of the rump. 

Where sheep are not examined constantly, and get even slightly blown, tlio 
infested area soon spreads, as other flies, attracted by the scent, keep on blowing 
round the evil-smelling heated wool. As these maggots increase in size they work 
their way down through the fibre of the wool, and, through their presence, cause 
the wool to become a blackened putrid mass of corruption. Finally the maggots 
reach the akin, where they set up an inflammation of the cuticle. The broken 
skin suppurates and the detached wool is torn off, or falls ofl. Under such 
conditions the sheep often wanders away from the flock into the scrub, and 
dies; the more robust ones recover. 

In all the first samples of blown wool, whether received from the sheep- 
owners or taken direct from sheep in the paddocks, the writer only bred one 
species of blow-fly. , This was the common brown and yellow blow-fly (Calliphora 
villom)t found both in the town and country, a carrion- feeder ranging all over 
Australia. An unusual increase in the numbers of this species was probably 
due to several causes; in the first instance to tho enormous number of dead 
animals, particularly sheep, that had died during the great drought a few years 
before, and which not worth skinning, usuallv remained covered with decaying 
skin and wool. This was also the time when hundreds of thousands of poisoned 
rabbits were festering all over the pastoral holdings—ideal carrion for the blow- 
flies. Tho next factor was the production of a new class of merino sheep, to 
replace tho smaller smooth-bodied animals, quite a different type of larger size, 
closer wool, wrinkled skin, and heavy yoke all through the fine wool, much 
more easily soiled with urine and excreta. 

With the return of the good seasons the .supply of carrion vanished, but the 
blow-flies remained. Sonic had blown tho dead wool, and recognised the smell 
of fouled wool, and thus Calliphora villosa became a sheep-maggot-Hy. Within 
tlio year numbers of a second species of blow-fly emerged from samples of 
infested wool which had been sent in from the country, and placed in the 
breeding jars. Though the maggot.s were very similar, it was a \ery distinct 
species, Calliphora oceanim, easily distinguished from the first species by its 
smaller size, and the colouration of tho abdominal segments, whicli, instead of 
being golden, have the sides blotched with yellow, and the rest deep metallic 
blue. The range and habits of botli species are identical, and as they are 
frequently found together it is only reasonable to suppose that Calliphora 
oceanifp, learnt the habit of blowing wool from Calliphora villosa* 

For several years only these two species were found in the larval state among 
blown wool. Though there were reports from sheep-owners that a third species 
was infesting the sheep, and that a dark-coloured ‘ hairy * maggot was busy 
among the wool in the western country, it was not until late in that speci- 
mens of the third blow-fly, Calliphora rufifacks, was obtained direct from blown 
wool. There was no mistaking this smaller metallic blue and green fly : the 
parent of the * hairy maggot.* Wliile both the previous species produce the 
typical elongate cylindrical maggot, Calliphora rufi jacks is a shorter thickened 
larva having each segment ringed with a band of fleshy filaments, which have 
given it the popular name in the bush of the ‘ hairy maggot * or * hairy maggot- 
fly.* Though now extending its range, until very lately this fly was not found 
in the coastal districts, but was confined to the inland districts of Australia. 

Before CalUphora rufi/acks learnt the habit of blowing live wool, presumably 
through the smell of the wool infected by the other two species, it was a carrion- 
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i'l'oiltT ill tlu- larval stato. Now its carrion-limuJiiijj lia\o iii.olc it the 

most seriiOis post among all tlio blow* Hies, for at tin* tiim* \\h ii tlio wool on tin- 
slioop is Ux) jiot to breed maggots (in midsumiin'r), and tb other sptM-ios an 
soldtMii soon, (W/Z/i/iom rufifadrs is laying bor eggs on (load .•* oop ami any ofl.il 
found round the tanks and dams, and is tlius alwa\s on tin im rt‘asr. At tin* 
present lime (lOli) this species seems to liavo taken tbo place d' tlie two (‘oinnmn 
Iwmso speoies, and to be responsible for the greater part ol t o damage, all on or 
the interior, caused by tlie shtvji inaggotdiies. 

The last species to ai4ack our sheep, and that only within the last two umis, 
is the introduced British sheep fly {Lucilia serirata), a cries that is ilio 
common ‘ gretm-boUle-Hy * about the coastal eouiitiy. In thi- tase we have the 
desceudauU of the introduced British sheep-fly after having lost tlie peculiar 
habit of its ancestors, again acquiring the teste from the habit of allied 
Australian blow'-JIlies. 

S. Auatralian Tromifoilea aud Cestode^: a Prelmiuanj Study in 

Znogeoyrahij. By S. J. Johnston, B.A.j I). Sc. 

Braoiically all the groups of vertebrate animals found living in the various 
zoogeograi>hiciil regions of the earth harbour numbers of parasitic worms. The 
entozoan fauna of one of these classes of vertebrate host in any partiiiilar 
region is constituted by a inimber of species which are tound to he related t j 
others which comprise iho eiitozoin fauna of the same of vertebrate ho.st 

]i\ing in some otlicr n gion. For iii.staiue, the entozoan fauna of marsupials in 
Anstnilia comprise.*! a iiumbci of CV^todes (#'.»/., sjKuios of .ind a 

number of Trcmatod<'S (r <j., >perics of IhinnoMoitnim)j and the nc.in'st relatne*- 
of each of those arc found in ccitain species of Lindowkt and J/ai mofifomum 
that live parasitic in South Anicrieaii nmrsupials. 

J'hc ’I'rematodes and Costodcs of Australian birds find their ucaic.st re]ati\es 
in woims living in lalated birds that inhabit other parts of tlie worbl ; and tin* 
rrematodes ami t Vstodes of Au>tiali.in froy;)? arc riio<t elo.srly relatetl to llin.-e of 
tiogs in other regnu!-!. 

'riie eiito/oan fauiui of the io^'t aiiiiiKil.< belonging to any p.irtimlar ela^i of 
vertobjato may be .«eparated into tuo diN jl) Tbo.si* tliat ha\e been 

paia>itit‘ in these hosts for a very long time - practically from the lirsl app«Mr 
aiice oi Ibe bost-animal.-!. and (2) tho.^c that represent more ret cut a* quiicment". 
The members of tbo former division may be readily recognised by the f n t that 
tliey have near relative.s par.-o-sitir in otbei bramhes of the same stock, whilst 
iiirriiber." of the latter divi.’-ion generally have not. The member.s of each genus 
for sometimes of .several closa-ly lelated genera) in the former division, in many 
eases scattered all over the world, (onsfitute a natural group, and must be 
looked upon as derived from common ancestors. 

These anccsLois were parasites of the progenitors of the host'aiiimals in the 
very early days, wdieii tlie gnjuj) was much younger and much more restricted in 
its 'di.'^tribution than at the j>resent time, A study of the relalionshif».s ami 
distribution of the parasites affords some circumstantial evidence of the past 
movements and paths of dispersal of the host-animals. 

9. On, the Emergence of ihe Nymph of Annx papuciisis {Bunn) from 
the Kgq (Class Iiistctu, Order Odonata). By It, J. Th.iaaku, 

Previous to hatching, the embryo lic.H with its head fitting closely under tlie 
pedicel or cap of the egg. The eyes are large and blackish, the antermm lying 
between them and directed posteriorly. The clypeus, labrum, mandibles, and 
maxillai can be clearly seen. The labium appears as a large paired organ directed 
posteriorly, and reaching well down between the legs. The legs lie directed 
posteriorly along the outer (ventral) surface of the embryo, except the hind tarsi, 
which are directed forwards. The hind end of the abdomen is bent round the 
])osterior end of the egg, the ninth and tenth segments, with the cerci, being 
directed forwards. The mid -gut still encloses a large cylinder of yolk. The 
tracheal system can be seen, but is devoid of air. 
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hurii)^ fJiu throe days previous to hatching, the dorsal vessel increases its 
pulse from about thirty to the minute to between eighty- and one hundred. Just 
beforti ]uit( ling, u cephalic heart appears in the posterior head region. At first 
.sm.dl and only pulsating intermittently, it rapidly increases in size. The 
pressure th is caused forces the pedicel to break away from the egg, whereupon 
tlio nyinpl flows ea.sily and quickly out of the egg shell. It emerges swathed 
in an uut< i- skin or sheath, which ha.*} been called by Pierre the ‘amniotic cover- 
ing.’ Tln.s is shown to be a non-cellular chitinous cuticle, not related to the 
jiinnion in any way. It represeiits, in fact, the .first moult of the larva. The 
.swathed stage may be termed the pro-nymph. 

The ])ru^iymph stage lasts only a few seconds. The cephalic heart increases 
enormously, and is seen to consist of two large chambers, an auricle and a 
ventricio, which pulsate regularly at about thirty beats to the minute, and 
appears to be pumping liquid, probably blood, into the head. The latter swells 
quickly up to twice its original size, and thus the pro-uymphal sheath soon splits 
down the back of the head and thorax, and the young nymph emerges, freeing, 
itself from the sheath !by a few convulsive struggles. 

' The pro-uymphal sheath is seen to be made of very thin transparent chiiiii, 
and shows the complete larval form, with head, mouth-parts, and legs easily 
seen. It ends posteriorly in a sliarp spine, which catches in the broken end of 
the ogg, and so forms an anchor during the emergence of the nymph. 

Thu cephalic heart quickly subsides in the free nymph. Meanwhile, a smaller 
pulsating chamber has ap|>cared between the rectal valves. While the cephalic 
iieart is forcing the blood into the head, this rectal pulsating organ appears to be 
pumping water into the rectum. As soon as the nymph is free, its pulsations 
increase to about eighty per minute, and water is violently forced into the 
rectum, so that the whole beautiful branchial basket is quickly distended and 
brouglit into view. Meanwhile, the tracheal system, which, at the time of 
hatching, only contained air anteriorly to the mid-gut, is seen to be steadily filling 
with air. The air travels slowly down tlic dorsal tracheal trunks and gradually 
fills tlic numerous branches, finally entering all the tiny tracheoles of the rectal 
gills. Afterwards, rectal breathing proceed.^ regularly. 

The young nymph is transparent except for the eyes and the dark plug of 
the mid-gut. It has two sharply pointed ccrci, but the superior appendage is 
only rudiiiKMitaiy. In a few hours the nymph darkens all over to dull green or 
bl.u’ki.sli. II. is .suggested that the rupture and atrophy of the amnion described 
by llrandt in flio embryology of Odonata is due to the formation of the pro- 
nympbal shc.itli or cuticle, which forms a close-fitting and far more effective 
prolcctiuM for the c-mbryo, bosiden allowing for the early beginning of the proce.^^s 
excretion through the formation of a chitinous oxoskeletoii. 
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Mm <w « 0*otjrtqth\cal Agmcy. 

In an iuaiijiurJil address to th« Uoyal Scottish Geographical Society on Geography 
and Statecraft Lord Milner said: ‘If I have no right to call myself a 
geographer, T am at least a firm believer in the value of geographical studies.* 

I wish to echo these words. I have no expert geographical knowledge, and am 
wholly unversed in science, hut 1 am emboldeiH'd to try and ?ay a few words 
because of my profound belief in the Mihie of geographical studies. I believe in 
their value partly on general grounds, and largely because a study of the British 
Kinpiro leads an Englishman, whether born in England or in Australia, to the 
inevit<ible conclusion that statecraft in the past would have been better, if tJiere 
had been more accurate knowdedge of geography. This statement might be 
illustrated by various anwdotes, some true, nut a few apocryphal; but anecdotes 
do not lend themselves to the advancement of science, I am encouraged, too, 
to .’speak because the field of geography is inou* o]>en to the man in the street 
tfiaii are the sciences more strictly so called. It is a ffraphy, not a /oyy. 
(ieology is the sciem e of the earth. Geograpliy i.s a de.«crijition of the face of 
the earth and of what is on or under it, a soric.s of pictures with appropriate 
lettei press and with more or less afipropriate murals to adorn the tale. 

Taking the earth as it is, geographical discovery has well-nigh reached its 
limit. The truth, in the words of Addison’s hymn, is now ‘spread from Pole 
to Pole,’ and recent exploration at the South Pole, with its tale of heroism, will 
have specially appealed to the citizens of this iSouthern land, reminding us all 
that the age of chivalry is not yet past. The city of Adelaide is rich in the 
record of explorers, and to the list is now added the name of Sir Douglas 
Mawson. It is not for me to attempt to take measure of hi* gkfeat enterprise, 
but the scientific results of his work, including the carr)diit; of wireless tele- 
graphy into the Antarctic Continent, illustrate my thes^ that man is a 
geographical agency* Members of the British Association ' will note with 
plea.mre that he derived backing and inspiration from the Aiistralasian Asso- 
ciation for the Advancement of Science. Outside the polar Teg|ione .coasts are in 
most cases accurately knpwn. The age of Cook and Flinderk is past Interiors 
aro more or less known. In Africa there is no more roOItt for Livingstonea, 
Sf)ekes, Burtons, Stanleys* In Australia Sir John Forrest Is 4n honoured survival 
of the exploring age—the age of McDouall Stuart and other heroes of Austra- 
lian discovery. The old map-makers, in Swift’s well-known lines, * o’er urthabit- 
r'^^'^liiduwns placed elephants for want of towns.' ' Towns have now taken the 
*oo.sterilephant8 and of kangaroos. Much, no doubt, still remains, to be done, ’ 
^wsterioriwill be made far better known; maps will be rectified; many great 
. ^vhich are tin Australia and elsewhere will be, as they are now being, 
^f>ostcrior enrveyed; corners of the earth only penetrated now will be swept 
directed fo: But as we stand to-day, broadly speaking, there are few more 
Irachcul sys to conquer. Discovery pure and simple If passing away. , 
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Bill iih luwhilo there is one side of geography which is coming more and 
niore tu tiio front, bringing it more than ever within the scope of the Britisli 
Ai:.so('iati< a for the Advancement of Science. 'Man is the ultimate term in the 
geograpliical jproblern,* said Dr. Scott Keltie some years since at the meeting at 
Toronto. ' ueography is a description of the earth as it is^ in relation to man/ 
said Sir Clements Markham, long President of the Royal Geomphical Society. 
Geography, I venture to think, Is becoming more and more a description of the 
earth as it is and as be under the working hand of man. It is becoming 

intensive rather than eittensive. Geographers have to record, and will more 
and more have to record^ lliow far man has changed and is changing the face of 
the earth, to try to predict how far he will change it in the coming centuries. 
The face of the earth has been unveiled by man. Will the earth save her face 
in the years before US| and, if she saves her face, will it be taken at face value ? 
How far, for instance, will lines of latitude and longitude continue to have any 
practical meaning • ^ 

Man includes the ordinary man, the settler, the agriculturist; man includes, 
too, the extraordinary — the scientific man, the inventor, the engineer. ‘Man,* 
says a writer on the subject, ' is truly a geographical agency,' and I ask you to 
take account of this agency for a few minutes. I do so more e.spccially because 
one of the chief features of the present day is the rise of the Soutli; and the 
rise of the Soutli — notably of Australia - is the direct result of human s^ency, 
on the one hand transforming the surface of the land, on the other eliminating 
distance. The old name of Australia, as we all know, was New Holland. The 
name was well chosen in view of later liistory, for while no two parts of the 
world could be more unlike one another than the little corner of Europe known 
us Holland, or the Netherlands, find the great Southern Continent, in tlio one 
and in the other man has been pre eminently a geographical agency. 

The writer who used this phrase, ' Man is a geographical agency,' the 
American W'riter, INfr. 0. P. M.irsh, jiublished his book, ‘ Man and Nature,’ in 
18G-t, and a new edition, entitled ‘ The Earth as Modified by Human Action,’ in 
1874. He was mainly concerned witli the destructiveness of man in the 
geographical and climatic changes wliicli he has effected. ‘Every plant, every 
animal,' he writes, ‘ is a geographical agency, man a destructive, vegetables, 
and ill some cases even wild beasts, restorative powers ’ ; and again : ‘ It is in 
general true that the intervention of man has hitherto seemed to ensure the final 
e.vliaustion, ruin, and desolation of every province of Nature wdiich he has 
reduced to his dominion. ’ The more < ivilised man has become, he tells us. the 
more he has destroyed. * Purely untutored humanity interferes comparatively 
little with the arrangements of Nature, and the destructive agency of man 
becomes more and more energetic and unsparing as lie advances in ci\ ilisation.' 
Ill short, ill In's opinion, ‘better fifty years of Cafliay than a cycle of Europe.’ 

He took this gloomy view mainly on account of the mischief done by 
cutting down forests. Man lias wrought this destruction not only with his own 
hand, but through domesticated animals more destructive than wdld beasts, 
sheep, goats, horned cattle, stunting or killing the young shoots of trees. Writ- 
ing of Tunisia, Mr. Perkins, the late able Principal of Roseworthy College, sajs : 
‘In so far as young trees and shrubs are concerned, the passago of a flock of 
goats will do quite as mucli damage as a bush fire.' Mr. Marsh seems to have 
met a fool in the forest, and it was man; and be found him to be more knave 
than fool, for man has been, in Mr. Marsh's view, the revolutionary Radical 
confiscating Nature's ve.sted interests. ‘Man,' he says, ‘has too long" forgotten 
that the earth was given to him for usufruct alone, not for consumption, still 
less for profligate waste.* Trees, to his mind, are Conservatives of the best kind. 
They stand in the way, it is true, but they stop excesses, they moderate the 
climate, they give shelter against tlie wind, they store the water, prevent inun- 
dations, preserve and enrich the soil. ‘ The clearing of the w^oods,* he says, ‘ has 
in some cases produced within tw^o or three generations efieots as blasting as 
those generally ascribed to geological convulsions, and has laid waste the face 
of the earth more hopelessly than if it had been buried by a current of lava 
or a shower of volcanic sand * ; and, once more, where forests have been 
destroyed, he says, ‘The face of the earth is no longer a sponge but a dust- 
heap.* 

The damage done by cutting down trees, and thereby letting loose torrents 
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whioli wash away tlie soil, is or was very marked in the South of ''runeo, in 
Dauphine, i*ro\orice, and tlie French Alps. With the felling of tr« s and the 
pastviriug of sheep on the upper edge of the forest— for sheep break he soil ;iiul 
expose the roots -tlie liigher ground has been laid bare. Rainstoi ii.s Iiave in 
oonsecpience swept off the soil, and the Hoods have devastated the valleys. 
‘The mountain sides have become deserts, and the valleys have been i urned into 
swamps ‘ When they destroyed the forest,* wrote the great French cograpluT, 
Reclus, about thirty years ago, also destroyed the very ground on which 

it stood *i and then he coniimicua : * The devastating action of* tne streams in the 
Frorich Alps is a very curious phenomenon in the historical point of viewv, for it 
explains why so many of the districts of Svria, Greece, Asia Minor, Africa, and 
Spain liave been forsaken by their inhabitants. The men liave disappeared 
along with the trees; the axe of the woodman, no less than the sword of the 
conqueror, have put an end to, or transplanted, entire populations.* In the 
latter part of the South African war Sir William Willcorks, skilled in irrigatiuii 
in Kgypt, and subsequently reclaiming Mesopotamia, was brought to South Africa 
to report upon the possibilities of irrigation there, and in his reimrt dated Novcin- 
her 1901 he wrote us follows : ‘ Seeing in Basutoland the effect of about thirty 
\c;irs of cultivation and more or less intense habitation convinced me of the 
fact that another country with steep slopes and thin depth of soil, like l*ales- 
tiiie, has betui almost completely denuded by hundreds of years of culti\ation 
and intense habits. The Palestine which "josliua conquered and which the 
« liildreii of Israel inhabited was in all probability lovered over great part ot 
its area by sufficient earth to provide food for a population a hundred times as 
dense as that winch can be supported to-day.’ 'i'lie Scotch geologist, Hunh 
Miller, again, attributed the formation of the Scotch mosses to the cutting down 
of timber by Roman soldiers. * What had been an overturned forest became 
in the co»ir.«5c <jf years a deep morass,* 

In past times there have hem voices rai.seil in fav»)ur of the fore.sts, hut they 
have hern \oiccs crying in the desert which man has made. Here is one. 'riu* 
(jld chronicler Holinshed, who lived in the reign of Queen Elizabeth, noted the 
amount of timbt*r out down for hou.se building and in order to incTt‘a.'^c the arc.i 
fnr pa.sturage. * Every small occasion in my time,* ho writes, ‘ is enough to cut 
down a gre«it w’ood*; and in another pa.s&age either he himself or luie of his 
lollaboratons writes that he would wish to li\o to .see four things reformed in 
England : * The want of discipline in the Chureh, the covetous dealing of most 
of our merchants in the preferment of coimnoilities of other (onntiies ami 
hindrance of tlieir own, the holding of fairs and markets upon the Sunday to 
be aboli.shed and referred to the Wednesdays, and that every man in whatevt*r 
part of the champaine soil enjoyeth forty acres of land and upwaidi* after that 
rate, either by free deed, copyhold or tec farm, might plant one acre of wood or 
.sow the. same wdth oke ma.st, hazell, bea< h, and .sufficient provi.sion be made that 
it he cherished and kept,* 

Mr. Marsh seems to have thought that the Old World, and especially the 
countries which formed the old Roman Empire, had been ruined almost past 
redemption ; and for the beneficent action of man on Nature he looked across the 
seas. ‘Australia and New Zealand,* he writes, ‘are perhaps the countries from 
which we have a right to expect the fullest elucidation of these difficult and 
di.s])iitable problems. Here exist greater facilities and stronger motives for the 
careful study of the topics in question than have ever been found combined in 
any other theatre of European colonisation.’ 

His book was first written half a century ago. He was a pessimist evidently, 
and pessimists exaggerate even more tlian optimists, for there is nothing more 
exhilarating and consoling to ourselves than to predict the worst possible con- 
sequences from our neighbours* folly. Further, though it may be true that man 
became more destructive as ho became more civilised, it is also true that the 
de.strm tion has been wrought directly rather by the unscientific than by the 
scientific man. If we have not grown less destructive since, at any rate we have 
shown signs of penitence, and science has come to our aid in the work of 
reparation. Governments and associations have turned their attention to protect- 
ing woodland and reafforesting tracts which have been laid bare. TJie Touring 
Club of France, for instance, I am told, have talcen up the question of the damage 
ilono bv destruction of trees by men and sheep in Haute Savoie, and they assi.st 
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ml.imation ijy guidance and by grants. In England, under the auspices of 
Diriiiiiigliam University and under the Presidency of Sir Oliver Lodge, the Mid- 
lands llcafiorcstation Association is planting the pit mounds and ash quarries 
of the J51a- k Country with trees which will resist smoke and bad air, alders, 
willows, }) )plara; carrying out their work, a report says, under a combina- 
tion of diiliculties not to be found in any other country. Artificial lakes and 
reservoirs again, such as I shall refer to presently, are being made woodlanrl 
rcntrcs. In most civilised countries nowadays living creatures are to some 
extent protected, tree planting is encouraged by Arbor days, and reserves are 
formed for forests, for beasts and birds, the survivors of the wild fauna of the 
earth. Some lands, such as Greece, as I gather from Mr. Perkins* report, are 
still being denuded of trees, but as a general rule the human conscience is 
becoming more and more alive to the immorality and the impolicy of wasting the 
surface of the earth and what lives upon it, and is even beginning to take stock 
as to whether the minerals beneath the surface are inexhaustible. Therefore I 
ask you now to consider man as the lord of creation in the nobler sense of the 
phrase, as transforming geography, but more as a creative than as a destructive 
agency. 

How far lias the agency of man altered, how far is it likely to .altor, 
the surface of the earth, the divisions and boundaries assigned by Nature, the 
elimatc, and the production of the different parts of the globe; and, further, 
how far, when not actually transforming Nature, is human agency giving Xatuie 
the go-by? It should bo borne in mind that science has effected, and is ellVci- 
ing transformation, partly by applying to old processes far more powerful 
machinery, partly by introducing new processes altogether; and that, as earli 
new force is brought to light, lands and peoples are to a greater or less extent 
transformed. The world was laid out afresh by coal and steam. A new 
readjustment is taking place with the development of water power and oil 
pow'er. Lands with no coal, but with fine water po(ver or access to oil, are 
assorting themselves. Oil fuel is prolonging continuous voyages and making 
<naHng stations superfluous. But of neccs.sity it is the earth herself who giv«*,s 
the machinery for altering her own surface. * The application of the machinery 
is contributed by the wit of man. 

The surface of the earth consi.st.s of land and water. How far has human 
agency converted water into land or land into water, and how far, without 
actually transforming land into water and water into land, is it for practic.il 
human purpo.ses altering the meaning of land and water as the great 
geographical divisions? A writer on the Fens of South Lincolnshire has tohl 
us: 'The Homans, not content with appropriating land all over the world, 
added to their territory at homo by draining lakes and reclaiming niar.slies.'* 
Wc can instance, another great race which, while appropriating land all over tlic 
world, has added to it by reclaiming land from water, fresh or salt. The 
traveller from Great Britain to the most distant of the great British possessions. 
New Zealand, will find on landing at Wellington a fine street, Lamhtoii 
the foreshore of the old beach, seaward of which now rise many of the city's 
finest buildings on land reclaimed from the sea; and instances of the kind might 
be indefinitely multiplied. Now the amount of land taken from water by man 
has been taken inor<3 from fresh water than from sea, and, taken in all, the 
amount is infinitesimal as compared with the total area of land and water; hut 
it has been very considerable in certain small areas of the earth’s surface, and 
from these small areas have come races of men who, have profoundly modified 
the geography and history of the world. This may be illustrated from tiie 
Netherlands and from Great Britain, 

Motley, at the beginning of ‘The Dutch Republic,* writes of the Nether- 
lands : ‘ A region, outcast of ocean and earth, wrested at last from both domains 
their richest treasures.* Napoleon was credited with saying that the Netlier- 
lands were a deposit of the Rhine, and the rightful property of him who con- 
trolled the sources; and an old writer pronounced that Holland was the gift of 
the ocean and of the rivers Rhine and Meuse, as Egypt is of the river Nile. 
The crowning vision of Ooethe*s Faust is that of a free people on a free soil, 
won from the sea and kept for human habitation by the daily effort of man. 
Such has been the- story of the Netherlands. The Netherlands, as a home for 
civilised men, were, and are, the result of reclamation, of dykes and polders. 



TR A XS ACTIONS OF SKCTiON E. 


i:'>o 


The kiiiL^tlom Ima i\ constantly chiingiiig ftr<?a of botwrou 12.0K) uni b'b^Kyi 
square miles. Mr. Marsh, in his book, set down tlie total arnoiii' ^aine<i to 
agriculture at the time he wrote ‘ by dyking out tlie sea ami by drair ng sh.il low- 
bays and lakes’ at some 1,370 .'^ipiave miles, which, he says, was one ‘nth of the 
kie rdoin; at the same time, he estimated that miu-li rnnre had been lo? to the ica 
~-<oineihing like 2.ijfK) ?i]nare miles. Fie writes that there were? no ir portant sen 
dykes ly}fore the thirteenth century, and that draining i'lland la os did not 
begin till the fifteenth, w'hcn windmills came into use for pump 'g. In tho 
nii'etecntli oontiuy steam pumps took the place of windmills, scienre- stnuigthcn- 
ing an already exivsting process, llctweeii 1815 and 1855, 172 square inilo.s were 
rechiiined, and this incliuied the Lake of IlaavltMn, some thirteen miles long 
by six in breadth, with an area of about seventy-three square miles. Thi.s was 
reclaimed bctweeai 1840 and 1853. At the present time, we are told, about 
forty square miles are being reclaimed annually in Holland; and meanwhile 
the Dutch Government have in contemplation or in hand a great scheme for 
draining the Zuydor Zee, which amounts to recovering from tho ocean land 
which was talcen by it in historic times at the end of the fourteenth century. 
The scheme is to be carried out in thirty-three yt'ars and is to cosixiearly sixteen 
million pounds. The reclamation is to be effected by an embankment across the 
mouth of this inland sea over eiglitcen miles long. The result will be to add 815 
square miles of land to the kingdom of the Netherlands, 760 square miles of 
which will be fertile land, and in addition to create a mueb-neoaed freshwater 
lake with an area of 557 square nnh*«; this l ike is to be fed by one of the numths 
of the Khiiio. 

London is partly built on mar.di. The part of London where I live, Pimlico, 
wa.s largely built on pile.*?. A HUle way m»rth, in the centre of fashion, i.s 
Ilelgrave Square, and hero a lady’ whom I used tr) know had heard her grand- 
father say that he had shot sfnpe lake the ('’ify of London in tho strict 
and iiarrov; .son<c. 1'hc uanies of M»»oi fudd.s and Fensbury or Finsbury' are 
familiar to who know' tho Cit.v. Now, in his Survey of London,' over 

♦ lut'e hmjdrrd y'Oar.s ago, wiote of ‘The. Moorfield which lioth without tho 
p«j.stcru called ^loorgate. This fiebl of ohl time was called the Moor. This 
fen or moor field, stretching from the wall of the city betwixt Bishopsgate and 
the po.-stern called Cripplegate to Fensbury and to Holywell continued a waste 
and unprofitable ground a long time.* By 1527, ho tolls us. it was drained ‘into 
the rourso of Walbrook, and .«o into tho 'rhamos, and by these dogree.s vva.s 
this fen or moor at length made main and hard ground which before, being 
overgrown v\)lh flag>'. sedges and nislus, sorvcil to no u.se.' It is said that this 
fen or marsh had tome inlu being .‘..ince Koman times. The ro(‘himation which 
has been carried out in the of London is typical of what hn.s been done in 
numerous <ither cases. As man ha.<! become more fi\iUsed, he has come, down 
from }jis earlier home in the upland-^, has drained the valley .«»varnps, and on 
tho firm land thu.s created has jdanted the ^treefs and houses of great ciiie.s. 

The Koman.s had a liand in the draining of Homney Marsh in 8u.ssox, and 
here Nature co-operated with man, just as she has co-operated in tlic deltas of 
tho great rivers, for the prc.sent state of the old Cinque Ports, Rye and 
Wimlifilsea, shows how much on thi.s section of tho Knglish coast the sea has 
receded. But the largest reclamation w'as in East Anglia,, where the names of 
the Fens and the Tsle of Ely testify to what tho surface once was. * For some 
of onr fens,' writes Holiushed, 'are well known to be either of ten, twelve, 
sixteen, twenty or thirty miles in length. . . , Wherein also Elie, the famous 
i.sle, standeth, which is seven miles every way, and wherennto there is no access 
but by three causies.' .Arthur Young, in 1799, in his ‘General View of the 
Agriculture of the County of Lincoln,' a coj>y of which he dedicated to that 
great friend of Australia, Sir Joseph Banks, who was a Lincolnshire landowner 
and a keen supporter of reclamation, wTote of the draining which had been 
carried out in Lincolnshire. ‘ The quantity of land thus added to the kingdom 
has been great; fens of water, mud, wild fowl, frogs and agues liave been 
converted to rich pasture and arable worth from 20/r. to 40a. an acre .... 
without going back to very remote periods, there cannot have been less than 

150.000 acres drained and improved on an average from 5«. an acre to 2^.' 

1.50.000 acres is about 234 square miles, but the amount reclaimed by draining 
in Lincolnshire in the seventeentln eighteenth and nineteenth (’enturies seems 
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to h.iye 1jc< 'I well over 5(j0 equare miles. The Fenlandfi as a v.hole extcuded 
into six voii.itics. 'Ihey were seventy miles in length, from ten to thirty miles 
bvo.'.d, and covered an area of from H()() to 1,(X>() square miles. One estimate 
J h ive souri is as high as 1,2(K) .square miles. Mr. Prothero, in his book on 
* Eij;,dish Pai aiing, Past and Prc.sent,’ tells us that they were *in the seventeenth 
continy a v ilderness of bogs, pools and reed shoals — a vast morass from which 
heic I'liid t! ore emerged a few islands of solid earth.’ In the seventeenth ceii- 
tuiy a Dll' oh engineer, Vermuyden, was called in to advise, and the result of 
draining wiiat was called after the peer^ho contracted for it the Bedford 
Li'vel, together with subsequent reclamatiSns, was to convert into ploughland 
and pasture large tracts wlrich, in the words of an old writer, Dugdalc, had 
been ’a vsiSt and deep fen, affording little benefit to the realm other than fish 
or fowl, with overmuch harbour to a rude and almost barbarous sort of lazy 
and beggarly people.’ In Lincolnshire there was a district called Holland, and 
in Norfolk one called Marshland, said to have been drained by, to quote Dugdale 
again, Hhoso active, and industrious people, the Homans.* 

The Dutch ^d ihA English, who thus added to their home lands by re- 
clamation, wenf and wide through the world, changing its face as they 
went. The Dutdh, where they planted themselves, planted trees also ; and when 
they came to land like their own Netherlands, again they reclaimed and cm- 
])oiaered. The foreshore of British Guiana, with its canals and sea defences, 
dating from Dutch times, is now the chief sugar-producing area in the British 
West thdies. If again in Australia man has been a geographical agency, he 
learnt his trade when he was changing the face of his old home in the British 
Isles. ^ ^ 

Instances of reclaiming land from water might be indefinitely multiplied. 
Wo might compare the work done by different nations. In Norway, for 
instance, Heclus wroteJ|pt * the agriculturist.? are now reclaiming every year forty 
square miles of the mSshes and fiords.’ Miss Semple, who, in the ‘ Influences 
of Geographic Environment,* w'rites that * between the Elbe and Scheldt ’ (that 
is, including with the Netherland.s some of North Germany) ‘ more than 2, (XX) 
smiare miles have been roelainied from river and sea in the past 300 years,* 
tells us also that ‘ the most gigantic dyke system in the world is that of the 
Hoangho, by which a territory of the size of England is won from the water 
for cultivation.* Or we might take the different objects which have impelled 
men here and there to dry up water and bank out sea. Agriculture has not 
been the only object, nor yet reclaiming for town sites. Thus, in order to 
work the hematite iron mines at Hodbarrow, in Cumberland, an area of 170 
acres was, in the years lOOO-Ot, reclaimed from the sea by a harrier over mile 
long, deiigned by the great firm of marine engineers, Coode and ^lattiiew.s, 
wlio built the Colombo breakwater. The reclaimed laud, owing to the subsi- 
dence caused by the \vorkiiiga, is now much below the level of the sea. Here is 
an instance of reclamation not adding to agricultural or pastoral area, but 
giving mineral wealth, thereby attracting population and enriching a distiict. 

How far has land been drowned by the agency of man? Again the tot.nl 
area is a negligible quantity, but again, relatively to small areas, it has been 
appreciable, and the indirect effects have been great. God made the country, 
man made the town; and the town is trying to unmake or to remake the 
country. The necessities of town life are responsible for new lakes and rivers. 
Such are the great reservoirs and aqueducts by which water is being brought 
to Now York from the Catskill Mountains, one of the reservoirs being twelve 
miles long with a water surface of nearly thirteen square miles. The whole 
work has beqn described by a writer in the Times as ‘ hardly second in 
magnitude and importance io the Panama Canal.* In Great Britain cities 
ill search of a water supply have ordered houses, churches, fields to bo 
drowned, and small lakes to come into existence. Liverpool created Lake Vyruwy 
in Montgomeryshire, with a length of nearly five miles and an area of 1,121 acres. 
Birmingham is the parent of similar lakes in a wild Hadnorshire vnllry near 
my old home. The water is not carried for anything like the distance from 
Mun daring to Kalgoorlie, and on a much greater scale than these little lakes 
in Wales is the reservoir now being formed in New South Wales by the 
Burrinjuck dam, on the Murrumbidgee Hiver, whicli, as I read, is, or will be, 
forty-one miles long, and c8ver an area of jtwenty square miles. If I under- 
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staiul in this hv constructing a giant data to or 1I( ■ It i i hii;li 

;\t‘n»ss a gttrirc throngli which the river llows, a long nan lakf h.is 

been or is being calletl into existence. A .still larger volume water i.t 

gatliercvl bv the groat Assouan dam. which ln»l(ls up the Nile a- tlu* Ina l tit 
the First t'atar.iit, wa^'liing, anti at times sulmiergiiig. the old li iples «ni the 
Isliiml of IMiihe in inid-5>tream. First completeti in the dam was enl.ii gt tj 

and lieightoneil by Ud'i; .and the result of the dam is at tlie lime tif higfi 
\iio to create a lake of some (15 square miles in area, as well as to fill np tin* 
(liaunel of the river for many milea^p stream, lllnstralions of rtifiei d lakes 
might bo multiplied from irrigation work.s in India. An onicial epoit on tin* 
State of Ifydorabad, written somo years ago» ha.s the following re! - reme to the 
tanks in tire granitic eountry of that State : ‘There are no natural lakes, but from 
tlie earliesSt times advantage has been taken the untlulating,chai.icter of the 
country to dam up some low ground or gorge between two hill.s* above \vhi< li the 
drainage of a large urea is collected. Such artifiaial reservoirs are pt culiar to the 
granitic country, and wherever gnuips of granito hills occur tanks are sure to Iw 
found assni'iated with tfiem/ Take again the great ship canals. The Suez Canal 
runs for 1(H) miles from sea to soa, though fnr part of its course it runs through 
water, m>t through sand. It i.s constantly growing in depth and width. Us 
original depth was 21I4 feet; it is now, for nineienths of its length, over 
;hl feet, and the canal is to be further deepened generally to over 39 feet. It.s 
original width at the bottom was 72 feet: it is now, for most of its your^:!*, 
over ItT feel; in other \vor<l.^, the wiilth has been more than doubled. A 
writer in the Timt ^ on the wonderful Panama Canal said: ‘The lock.«t jiml 
tlm (iatun <lam have entailed a f.ir largm* di.«»placeinent of the carth’.s surfim* 
r/i.iii has ever^ been attempted by the ham! of man in so liinite<i a .space.* 
Out.siih* the locks tlie depth is 45 iv«‘t. and the minimum l>ottom width fort. 
I’he oiti<iaI Iiaiulhook of the Pan.arna ( anal say.s : ‘ Jt 1$^ lake canal as w(*ll a.s 
<i lock canal, it.s dominating feature being (Jatnn r4ako,'^ great lu)rly of w.itcr 
I'overing almut 10 1 .square miles.’ I he (anal is only fifty miles long from open s»m 
to (q>en sea. from shore line to shore line only forty. But, in making it, man. the 
gtographical ageiuy, has hhuked the waters of a river, the Chagres livor, bv 
boilding up a ridge which connects th** two Iine.s of hilks between which the 
river* flows, this ridge heing darn II miles long, nearly half a rnilo wide at 
its base, and ri.sing t(* Kto feet above .M*a-level, with the n*sult that a lake ha< 
lome into existence wiiich is threiMpiarters of tlie .size of the Lake of (iciiev.i, 
•and extend.s Wyond the limits of the (‘anal zone. When all the sluices aie 
opt-n. a "Tealer vobvmo rd w.vler passes through tium than come.s roiT tl'.e Falls 
of Niagara. 

Afr. Marsh, in his book, referred to far more colo.^sal seheme.s turning 
land into water, such as flooding the Afruan Sahara or rutting a canal from 
the Mediterranean to the Jordan and thu.s .'iuhmerging the basin of tlu* ])e;nj 
S(M, wtiich i.s below the level of the ocean. The offert of the latter .scheme, he 
estimated, w’ould be to add from 2.0()0 to 2,0)0 s<(uarc miles to the ibiiil .surtaie 
of .''vria. All that can be. said i.s that the wild cat scheme.s of one eentury often 
heroine tho domesticated possibilities of the. next and the accomplished farts of 
the third; that the more di.scovcry of new lands passes out of sight the more 
nienks energies and imagination will he coiueiitrated upon developing ami 
altering what i.s in their keeping; and that, judging from the pa.«t, no iin- 
scientific man c.ap .«*afely set any limit whatever to the future achievements 
of .science. 

But now, given that the proportion of land to water .and water to land Inns 
not been, and a.ssumiiig that it will not be, appreciably altered, has water, for 
practical purposes, encroached on land, or land on water? In many cases water 
transport has encroaihed on land tran.sport. Tho great i.sthnnis canals arc an 
obvious instance; so are the great Cainadian canals. Tlie tonnage passing 
through tho locks of tho Sault St. Mario is greater than that which i.s carried 
through the Suez Canal. Waterways arc made where there w'as dry land, and 
more often existing inland waterways are converted into sea going way.*?. 
Manchester has become a seaport through its f^hip Canal. Tho Clydi^, in Mr. 
Vernon Harcourt*s words, written in 1896, has been ‘ converted from an insig- 
nificant stream into a dcop navigable river capable of giving access to ocean- 
going vessels of largo draught up to Glasgow.* In 1758 the Clyde at low water 



PRESID15NTIAL ADDRESS 


433 


at (Jlasjrosv v ag only 15 inches deep, and till ISIS no seagoiiif^ vessels came 
up tn dias^jo'. . In 1895 the dei)th at low water was from 17 to 20 feet, and 
Stoanicrs with a maximnm draught of 25^ feet could go up to Glasgow. This 
was the resnl of dredging, deepening and widening the river, and increasing 
the t ij|al ll^^' . The record of the Tyne has been similar. The elTcct of 
dredging the Tyne was that in 1895—1 quote Mr. Karcourt again * Jletwccn 
Shi«‘lds and Newcastle, where formerly steamers of only 3 to 4 feet draught 
iKSTtl to groiiud for hours, there is now a depth of 20 feet throughout at the 
lowest ti(los ' It is because engineers have artificially improved Nature’s work 
on the Glydo and the Tyne that these rivers have become homes of .shipbuilding 
for the whole world, Building training walls on the Seine placed Rouen, 
seventy-eight miles up the river, high among the seaports of France. Tlie Elbe 
and the Rhine, the giant rivers Miesissippi and St. Lawrence, and many other 
rivers, have, as wo all know, been wonderfully transformed by the haiuf of the 
engineer. 

But land in tutn, in this matter of transport, has encroached upon sea. In 
old days, when . roads were few and bad, when there were no railways, and 
when ships weti^Tsmallj it 'was all-important to bring goods by 'water at all 
parts as far inland as possible. Tn England thero were numerous flourishing 
little ports in all the estuaries and tip the rivers, which, under modern condi- 
tions, have decayed. No one now thinks of Canterbury and Winchester in 
connection with seaborne traffic ; but Mr. Belloc, in ‘ The Old Road,* a description 
of the historical Pilgrims’ Way from Winchester to Canterbury, point.s out 
how the.se two old-world cathedral cities took their origin and derived their 
importance from the fact that each of them, Canterbury in particular, was 
within easy reach of the coast, where a crossing from France would he made: 
each on a river— in the case of Canterbury on the Stour ju.st above the end 
of tiic tideway. In the days when the Island of Thanet was really an island, 
separated from the rest of Kent by an arm of the sea, and when the present 
insignificant river Stour was, in the words of the historian J. R. Green, *a wide 
and navigable estuary,* Canterbury was a focus to which tho merchandise of .six 
Kentish seaports was brought, to pass on inland ; it was in effect practically a 
seaport. Now merchandise, except purely local traffic, comes to a few large 
ports only, and is carried direct by rail to great distant inland centres. Reclus 
wrote that bays are constantly losing in comparative importance as the inland 
W'ay.s of rapid communication increase; that, in all countries intersected with 
railways, indentations in the coa.st-line have become ratber an obstacle than an 
advantage; and that maritime commerce tends more and more to take for its 
starting-plai e ports situated at the end of a penin.sula. He argues, in short, 
that traffic goes on land as far out to sea as possible instCvad of being brought by 
water as far inland as possible. He clearly overst.iteil the case, hut my con- 
tention is that, for human purposes, the coast-line, though the same on the map, 
has practically been altered by human agency. By the aid of scioiico ports have 
been brought to men ns mucli as men to ports. We .sec before oiir eyes Mie 
process going on of bridging India to Ceylon so as to carry goods and passengers 
:i.s far by land as possible, and in Ceylon we see the creat natural harbour of 
Trincomalee practically deserted and a wonderful artificial harbour created at 
the centre of population, Colombo. . . . ' 

But let us carry the argument a little further. Great Britain is an islaiul. 
Unless there is some great convulsion of Nature, to all time the Straits of Dover 
will separate it from the continent of Europe. Yet we have at this moment 
a renewal of the scheme for a Channel tunnel, and at this moment men are 
flying from England to France and France to England. Suppose the Channel 
tunnel to be made; suppo.se flying to be improved — and it is improving every 
day-j^hat will become of the island? What will become of tho sea? They 
will be there and will be shown on tho map, but to all bnnian intents and 
purposes the geography will he changed. The sea will no longer ho a barrier, 
it will no longer be the only high-road from England to France. There will bo 
going to and fro on or in dry land, and going to and fro neither on land nor on 
sea. Suppose this science of aviation to make great strides, and heavy loads 
to be carried in the air, what will become of the ports, and what will become 
of sea-going peoples? The ports will bo tliore, appearing as now on (he map, 
but Birmingham goods will he shipped at Birmingham for fdreign parts, and 

1914 . ? ? 
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Litligow will export njinoral direct, snyitig good-bye to tbe Blue Mountains and 
even to Sydney Harbour, 

Now, in saying this I may well lx? told by my scieniiilc eolleaL!:ues that it 
is all very well as a pretty piece of fooliiur^ but that it is not business. ] say 
it as an unscientific man with a profound belief in the unbounded pofisibililtea of 
science. How long is it since it was an axiom tliat, as a lump of iron sinks in 
water, a ship made of iron could not possibly float? Is it fatuous to contem- 
plate that the conquest of the air. 'which is now beginning, will make it a highway 
for commercuil purposes? We have aeroplanes already which settle on the 
Witter and rise again ; \ve are following on the track of the gxills which wi 
wonder at in the limitless waste of ocean. A century and a half ago the 
great Edmund Burke ridiculed the idea of representatives of the old Noith 
American colonies .sitting in the Imperial Parliament? he spoke of any .‘inch 
scheme as fighting with Nature and conquering the order of Providence; ho 
took the distance, the time which would 1x5 involved- -.six weeks from the 
present United States to I^ondon. If anyone had told him that what is hapnen- 
if.:> now through the applied forces of science might liappcn. he would have 
oallod his informant a n;adrn:in. Men think in years, or at most in lifetimes; 
they ought sometimes to think in etiitiirics. T believe in Bcclus*.*? words. * .Ml 
man has liitl’crto done is a frith^ in comparison with what he will ho aide 
to efb'et in future/ Science is like ;i woman. She say.s Ni igain and a‘j:.iin 
hut filic moans Yes in the end. 

Tn dealing witli land and water 1 have t»mched upon natiir.il divi.siors and 
natural bonndiries, whifh arc one of the pro\ineos of geography. Flyinir gives 
the go-hv to all natural divisions and houndarie.s, even the sea : hut h-t ns e<»uu' 
down to the oaith. r>ihinnsi\^ are ihitnt.il divisions between se i.< : the Mnp 
/.inals cut them and link the stM.'s; the « anal through (ht* Isthmus of Porinth, 
tlie canal '.Inch cuts the Isthmus of Perekop hetw'een the (Vimea and the 
mainland of^Bns.sia, the Biltic rinal, the Suez Panal, the Patiama (filial. The 
S?iC7 Panal, it will be nol<d. lluuigh not <‘Uih a wonderful feat as llu* Pan'tma 
Panal, is more important from a gen cm ph leal f>oint of view, in that an open 
cut ha.s been made from sea to sea without nece.ssity for locks, width surmnnrit 
the hnd barrier but more or lt'«s leave it standing. Trdand. what are natural 
divi.sions? Mountain.^, fore.-^ts, de.‘jeit.s. and. to some e.'Hent, rivers. Take 
mountains ‘High, rnas.sivc mountain .«yst^uns/ write.s Afis.s Semfde, * present 
the mo<t effective barriers which man meet< on the land surfan* of the oartli.’ 
But are the Pocky Afountain.s, fov instance. houndaric!S, dividing lines, to 
unytldng like the extent that they were nrnv that railways go through and (»ver 
tliem. carrying hundreds of liuinan being.s back and fore dav hv dav? On 
wliat terms did British P-ohimbia ioin the l>f»minion of Canada? Thai the 
natural barrier between them should be pierced by the railway. Take tlie 
Alps. The canton Ti' ino, running down to Lak»* Maggiore, is politicallv in 
Switzerland; it i.s wholly on the .southern sitle f»f the Alps. T.s not the pO'?ition 
entirely changed hy the St. Piothard tunnel, riinrdng from Swiss territory into 
Sw'i.ss territory on either side of the mountains? 

If, in the Bible language, it requires faitli to remove mountains, it is not 
wholly so witli other natural boundaries. Forests were, in old dfiy.s, very real 
?iatural dividing-linc.s. They wa*re so in England, as in our own day they have 
been in Central Africa. Between forty and fifty years ago, in bis * Hi.Mtoric'al 
Map.s of England,* Profe.ssor C. H. Pearson, 'whose name is well kiiowui and 
honoured in Australia, laid dowm that England was settled from east and west, 
because over against Gaul were heavy woods, greater barriers than the sea. 
Kent was cut off from Central England by the Andrcd Weald, said to have 
been, in King Alfred’s time, 12t> mile.s long and 30 broad. Here are Projessor 
Pearson’s 'W’ord.s : ‘ The axe of the woodman clearing .away the forests, the 
labour of nameles.s generations reclaiining the fringes of the fens or making 
their i.slands habitable, htive gradually transformed England into one country, 
inhabited by one pooide. Hut the early inflnenoes of the woods .and fens are 
to j.solate and divide,* *riius the cutting down of trees is sometimes a good, 
not an evil, and there are some natur,al boundaries which man can wholly 
obliterate. 

Can the same bo said of deserts? They can eert.ainly bo pierced, like 
isthmuse.s and like mountains. The AustrlEi.lian desert is a natural division 
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bfttwoci'i WrsUrii and South Australia. Tho desert will be there for many a 
hi>ng day after tho transcontinental railway has been finished, but will it be, 
in any tiling like tho same sense aa before, a barrier placed by Nature and 
respected by man ? Nor do railways end with simply giving continuous communi- 
cation, except when they aro in tunnels. As w© all know, if population is avail- 
able, they bring in their train development of the land through which they pass. 
Are these deserts of tho earth always going to remain, in Shakespeare’s words, 
‘ deserts idle * ? Is man going to obliterate them ? In the days to come, will tho 
ilesert rejoice and blossom as tho rose? What will dry farming and what will 
nfTorcstation have to say? In the evidence taken in Australia by the Dominions 
Royal Commission, the nommiasioner for Irrigation in New South Wales tells us 
that ‘ the dry farming areas are carried out westward into what are regarded as 
arid lands every year,’ and that, in his opinion, ‘ wc are merely on the fringe of 
dry farming * in Australia. A book has lately been published entitled ‘ The Con- 
quest of the Desert.* The writer, Dr. Macdonald, deals with tho Kalahari Desert 
in South Africa, which he knows well, and for the conquest of the desert he lays 
down that three things are essential — population, conservation, and afforesta- 
tion. He points out in words which might have been embodied in Mr. Marsli’s 
book, how the desert zone lias advanced through the reckless cutting of trees, 
and how it can be flung back again by tree barriers to the sand dunes. Ry 
conservation he means the system of dry farming so successful in the United 
States of America, which preserves the moisture in the sdil and makes the 
desert produce fine crops of durum wheat without a drop of rain falling upon 
it ffom scedtiiiie to harvesst, and ho addresses his hook ‘to tbe million settlers 
of to morrow upon the dry and de.‘?ort lands of South Africa.’ If the settlers 
come, he holds that the agency of man, tr.cc-planting, ploughing and harrowing 
the soil, will drive back and kill ont the desert. Tlic effect of tree-ydaiiting 
in arresting the sand dunes and reclaiming desert has Iven very marked in tho 
Landes of Gascony, Here, I gather from Mr. Perkins’ report, arc some 3GOO 
square miles of sandy w’aste, more than half of whidi had, as far back as 18S2, 
been converted into forest land, planted mainly with maritime pines. 

What, again, will irrigation have to say to the deserts? Irrigation, whether 
from underground or from overground w’aters, has already changed the face of 
the earth, and as the years go on, a.s knowledge grows and wdsdom. must 
inevitably change it more and more. T read of unrlerground W’atcr.s in the 
Kalahari. I read of them too in the Libyan Desert. In the * Geographical 
Journal * for 1902 it is stated that at tlial date nearly 22,000 square miles in tho 
Algerian Scihara had been reclaimed with w’ater from artesian welhs. What 
artesian and sub-artesian WMter lias done for Australia you all know. Tf it is 
not so mueb available for agricultural purpo.ses, it has enabled flocks and licrds 
to live and thrive in wdiat w'ould be otherwise arid areas. Professor Gregory, 
Mr. Gibbons Cox, and others have written on this subject with export know*- 
ledge; evideuco lia.s been collected and published by the Dominions Royal Coui- 
mission. hut T must leave to more learned and more controversial men than T am 
to discuss whether tho supplies are plutonic or meteoric, and how far in this 
matter you are living on your capital. 

Tf we turn to irrigation from overground waters, T hesitate to take illustra- 
tions from Australia, because my theme is tho blotting out of the desert ; ami 
most of the Australian lands wdiich ore being irrigated from rivers, and made 
.scenes of closer settlement, would be libelled if classed as desert. IVIr. Ehvood 
Mead told the Royal Commission that the State irrigation works in Victoria, 
already complefed or in process of oonatruotiou, can irrigate over 600 square 
miles, and that, if the whole water supply of the State w^ere utilised, more like 
6000 square miles might bo irrigated. The Burrinjiick scheme in New South 
Wales will irrigate in the first instance not far short of 500 .square miles, but 
may eventually bo made available for six times that area. Tf w’o turn to 
irrigation works in India, it appears from the second edition of Mr. Rucklcy'a 
work on the^ subject, published in 1905. that one canal sy.stem .alone, that of 
the Chenab in the Punjab, had, to quote bis w’ords, turned ‘some tw’o million 
acres of wilderness (over 3000 squ.are miles) into sheets of luxuriant crops.’ 

* Before tho construction of tho canal/ he writes, ‘ it w%as almost entirely waste, 
with an extremely small population, which was mostly nomad. Some portion of 
the country was woode<l w'ith Jungle trees, some was covered with .««mall scrub 
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cuniol thorn» iiinl lar^c tracts were absolutely l>aro, produciuj^ only on occasions 
a brilliant mira^o of unbounded sheets of fictitious water.* The tJhonab irriga** 
tion works havo provided for more than a million of human beings; and, taking 
the \vl)ole of India, the Irrigation Commission of 1001 -3 estin)ated that the 
amount of irrigated land at that date was (i8,75t) square miles: in other words. 
a considerably larger area than England and Wales. Sir William Willcork.s has 
been reeJaimnig the delta of the Euphrates and Tigris. The area is given 
nearly lO.OtK) square miles, and it is described as about iwO‘thirds desert ami 
one-lhir<l freshwater swamp. Over 40(K) .square miles of the Gczireh Plain, 
between the Blue and the White Nile, are about to bo reclaimed, mainly for 
cultivation, by constrnctiiig a dam on the Blue Nile at Sennaar and 
i utting a canal B)0 miles long which, if T understand right, will join the While 
Nile, thirty miles south of Khartoum. 

With the advance of science, witli the growing pressure of population on 
the surface of the earth, for<.ing on reclamation as a nece.s.sity for life, is it t»)o 
lunch to rontempl.ite that liiiman agency in the coming time will largely ohlit<* 
rate the deserts which now appear .m our maps? Tt i.s for the young peoplc.s of 
i-ho British Empire to t ike a lead in- to quote a phrase from Bonl Durham’s 
gnat report -* the war with the wilderness.’ and the great feat of carrying 
water for d.V) miles to Kal^oorlie. in the very heart of the wilderness, simws 
that Australians are se<ond to none in the ranks of this war. 

It is a eominonjdace that riveis do not in.ike good l>onijdaries because tb^v 
are easy to (‘ro.ss by b»»al or bridge. l\isc.il s.tys of them that they an* 

‘ des themiiw qiii marclieiit * (roads that move), and we have seen how these i^ad< 
have been and are being improved by man. ‘ Ri\ers unite,' says Miss Semple; 
<ind again, ‘ Hi\ers may serve as p«»lilical line.s of demarcation, and therefore lix 
pnlithal fioiitiets. hilt they can never take the place of natural boundaries.’ 
All tlie same, in old times at any rate, rivers were very appreciable divi<ling- 
lines, and when you get hack to something like barbarism, that is to say in time 
of war, it is realised how powerful a harrier is a river. Taking, then, rivers 
as in some sort natural boundaries, or treating them only as political boundaric'*, 
ilie point which I wi.sh to emphasise is that they are becoming boundaries whii h, 
with modern .scientific appliances, may ho shifted at the will of man. In the 
days to come the diversion of rivers may In'cnmo the diver.sion of a new rare of 
despotic rulers with infinitely greater power to carry out their will or their 
whim than the Pharaoh.s posses-^cd when they hnilt the Pyramids. You in 
Australia know I»o\v thorny a qne^ti(»n is that of the control of the Murray and 
its tributaries. There are Waterway .s Conventions between Canada aiul tlie 
T'nited States. Security for tlie bead-waters of the Nile wa.s, and is, a prime 
nece.ssity for the Sudan and Egypt. The Eofihratos is being turned from one 
channel into anotlicr. What infiiiito possibiiitie.s of political and geographical 
eomplieatinns docs man’s growing control over the flow of rivers pre.««ent ! 

Thn.s I liave given you four kinds of barriers or divisions set by Nature 
upon the face of the earth- mountains, forests, deserts, rivers. The first, the 
mountains, man cannot remove, hut he can and he does go through them to save 
the trouble and difficulty of going over them. 'Che second, the forests, he has 
largely cleared away altogether. T)ie third, the deserts, he is beginning to 
treat like the forests. The fourth, the rivers, he is beginning to shift when 
it suits his purpose and to regulate their flow’ at will. 

T turn to climates. tJlimates arc hot or cold, w’ot or dry, healthy or un- 
healthy. Here our old friend.s the tree.s have much to say. Climates beyond 
di-spute become at once hotter and colder when trees have been cut down and 
tlie face of the earth has been laid bare : they become drier or moister according 
as trees are destroyed or trees are planted and hold the moisture; the cutting 
and planting of timber affects either one way or the other the health of a 
district. The tilling of the soil modifies the climate. This has been the case, 
according to general opinion, in the North-West of Canada, though T have not 
been able to secure any official statistics on the subject. In winter time broken 
or ploughed land Joes not hold the snow and ice to the same extent as the 
unbroken surface of the prairie; on the other hand, it is more retentive at once 
of moisture and of the rays of the sun. The result is that the wheat zone has 
moved further north, and that the intervention of man has, at any rate for 
agricnUnral purposes, made the climate of the great Canadian North-West 
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perceptibly more favourable than it was. In Lord Stratncona’s view, there was 
some change even before the settlers came in, as soon as the rails and telegraph 
lines of the Canadian Pacific Hailway were laid. He told me that in carrying 
the lino across a desert belt it was found that, within measurable distance of 
the rail and the telegraph line, there was a distinct increase of dew and 
moisture. I must leave it to men of science to say whether this was the result 
of some electrical or other force, or whether what was observed was due simply 
to a w’ot cycle coinciding with the laying of the rails and the erection of the 
wires. I am told that it is probably a coincidence of this kind which accounts 
for the fact that in the neighbourhood of the Assouan dam there is at present 
a small annual rainfall, whereas in past years the locality was rainless. He- 
fcrcnco has already been made to the effect of cultivation in the Kalahari Desert 
in increasing the storage of moisture in the soil. But it is when we come to the 
division between healthy and unhealthy climates that the effect of science upon 
climate is most clearly seen. The great researciies of Ross, Manson, Bruce, and 
many other men of science, Britlbh and foreign alike, who have traced malaria 
iuid yellow fever back to the mosquito, and assured the prevention and gradual 
extirpation of tropical diseases, bid fair to revolutionise climatic control. Note, 
however, that in our penitent desire to preserve the wild fauna of the earth we 
are also establishing preserves for mosquitos, trypanosomes and the tsetse lly. 

N(»whcre have the triumphs of medical science been moie conspicuous than 
wliere engineers have performed their greatest feats. De Lcsseps decided that 
Ismail ill should be the headquarters of the 8ucz Canal, but the prevaleiu’o of 
malaria made it necessary to transfer the head^iuarters to Port Said. In 188G 
there were 2.‘100 cases of malaria at Ismailia; in ItKX) almost, exactly the same, 
jiuinber. lii 1901 »Sir Ronald Ross was called in to advise; in 1906 there were no 
frovsh cases, and malaria has been stamped out. Lesseps’ attempt to euiistiuct 
th(‘, Panama Canal w'as defeated largely, if not mainly, by the frightful deatlj- 
ratc among the labourers; 60, (XX) lives arc said to have been lust, the result of 
malaria and yellow fever. Wlien the Aiuerivans took up the enterprise they 
started with sending in doctors and sanitary experts, and the result of splendid 
medical skill and sanitary aduiinislratioii was that malaria and yellow fever were; 
practically killed out. The Panama Canal is a glorious creation of medical as well 
as of engineering science, and this change of diinate has been mainly due to 
reclamation of pools ajid swamps, and to cutting down bush, for even tln^ 
\irtuoiis trees, under .some conditions, conduce to malaria. Man is a geographical 
agency, and in no respect more than in the effect i>f his handiwork on climate, 
for climate determines products, human and others. Science is deciding that 
.iiiiimil pests shall he extirpated in the tropics, and that there shall be no 
(’)imatcs which shall be barred to white men on the ground of danger of infec- 
tion from tropical diseases. 

Tf wo turn to products, it is almost superlluous to give illustrations of the 
clianges wrought by man, .Vs the incoming white man has in many places sup- 
planted the coloured aboriginal, so the plants and the living creatures brought 
in by the white man have in many cases, as you know well, ousted tho floiM 
and fauna of the soil. Here is one well-known illustration of the immigration 
of plants. Charles Darwdn, on the voyage of the lieatjUy visited the island of 
»St. Helena in tho year 1836. He wrote ‘that tho number of plants now 
found on the island is 746, and tliat out of these fifty-two alone are indigenous 
species.’ The immigrants, he said, had been imported mainly from England, 
but some from Australia, aliS, he continued, ‘the many imported species must 
have destroyed some of the native kinds, and it is only on the highest and 
steepest ridges that the indigenous flora is now predominant.* 

8ot yourselves to write a geography of Australia as Australia was when first 
made known to Europe, and compare it with a geography now. Suppose 
Australia to have been fully discovered when EuropWiis first reached it, but 
consider the surface then and the surface now, and the living things upon the 
surface then and now. Will not man be found to have been a geograpliical 
agency? How much waste land, how many fringes of desert have been 
reclaimed? Tho wilderness has become pasture land, tho pasture land is 
beiiijj converted into arable. Tho Blue Mountains, whicli barred the way to the 
interior, are now a health resort. Let ns see what Sir Joseph Bunks wrote 
after his visit to Australia on Captain Cook’s first voyage in 1770. He has a 
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chapter headed ‘ Some Account of that part of New flollaiul now calloil New 
South Wales.’ New Holland he thought * iji every respect the most barren 
country I have seen ’ ; ‘ the fertile soil bears iu> kind of proportion to that which 
seoina by nature doomed to everlasting barrenness.* ‘In the whole length of 
Coast which we sailed along there was a very unusual sameness to he obsoiwed 
in the face of the country. Jlarreu it may justly be called, and in a very liigh 
degree, so far* at least, as we saw.* It is true that he only saw the land by the 
sea. but it was the riclier eastern side of Australia, the outer edge of New 
J^outh Wales and Queensland. What animals did ho find in Australi.i? Ho 
‘ saw an animal as large as a greyhound, of a mouse colour, and very sw ift.* 
‘ He was not only like a greyhound in size and running, but liad a tail as long 
as any greyhound's. What to liken him to 1 could not tell.* Banks had a grey- 
hound with him, which chased this animal. ‘ We observetl, much to our surprise, 
that, instead of going upon all fours, this animal went only on two leg.s, making 
vast hounds.* He found out that tlic iiatives called it kangooroo, and it was ‘ as 
Li’u'c as a middling lamb.’ He found ‘this immense tract of land,* vvhicli ho 
said was considerably larger than all Kurof»e, ‘ thinly inhabited, even to acJmira> 
tioii, at least that part of it that we saw.* He noted tho Indians, as he called 
them, whom he thought ‘a very piisillaniinous people.* They ‘seemed to have 
no idea of trailic ’ ; they liad ‘a woodem weapon made like a short scimitar.* 
Suppose ti new' Sir Joseph Banks came <lown from the planet Mar.s lo ' i.sit 
Au>tralia at this moment, wliat account would he give of it in a geograpl eal 
handbook for the children of Mars? He would modify the \ie\\s about bairen- 
ness, if he saw the cornhelds and flocks and lierds; if he visited Adelaide, ho 
would chaiigi* his opinion as to scanty population, tlioiigh not so, jicrhaps. if he 
went to the back blocks. Ho would leconi that tlie population was alinoist 
eritiU'ly white, apparently akin to a certain lace in the North Sea, from which, 
by tradition, thov had c(»iiic; that their worst enemies could not tall them 
pusillanimous; that they had some ideas of trailic, and used ot}u*r weapons tlian 
a wooden scimitar; and he would piohub’y give the first place in animal life not 
to the animal like a greyhound on two legs, but to tlio michiling lamb, or 
}'eihaps to the ubi<piitouh rabbit. Australi.i is tlu' same island contimuit that 
it always was; thei(‘ arc the same indentations of coast, tlie same luountain.s 
and ri\ers, hut the faio of the land is dilftreiit. In i-ast years there was no 
town, and the country wa.s wildeine<.s ; on the .suifare of wilderness many of 
tlie li\iiig things were diffeiviit; and from under the earth has lome water and 
mineral, the oxi.sU‘ii<e of whi« h was not suspeited. A century hence it will bii 
dilfereiit again, and I want to sec seUs of in.ips illii.nrating more clearly than i'l 
now the case the changes which ."UM c.KiJivc general iuiis of men have made and 
are making in tlie fa‘,e of Australia and of tlie wJiole earth. 

More than half a century ago Buckle, in his * Hi.story of (‘ivilisation,* wrote : 
• horiiiorly the richest countrie.s were tbo.se in width Nature wa.s most bountiful; 
now the riolie.st countries arc tho.se in which man is most active. For in our ago 
of the worlil, if Nature is par.sjmonious we know how to compensate her 
ilcficieijcie.s. If a river i.s dilficult to navigate, or a country diflicult to traverse, 
an engineer can correct the. error and mnedy the evil. If wc have no rivcr.s 
we make canals; if we liave no natural harbours we make artificial ones.’ 
These words have a double force at the present day and in the present sur- 
roundings, for nowhere has man been more active as a geographical agency than 
in Australia; and not in.side Australia only, but also in regard to the relations 
of Australia to the outside world, '4 

Ail island continent Australia is still, and alway.s will be, on the maps. It 
always will be the same number of miles di-stant from other lands; but will 
these maps reprcMu.t luactical everyday facts? What do miles mean when 
it take.s a perpetually diminkshing time to cover them? Is it not truer to 
facts to measure dk^ance.s, as do Swiss guides, in Stunden (hours)? What, 
once more, will an island continent moan if the sea is to be overlooked and 
overtlow'ii ? The tendency is for the worl<I to iKToine one ; and wo know 
pericctly well that, a.s far as distance i.s concerned, for prac-tical purpo.ses 
the gcographiial pn.sitiim of Australia has changed through the agency of 
sriciititi*' man. H you corne to think of it, what geography has been moru 
concerned with than anything else, directly or indirectly, is distance. It is 



R£SID£l<TIA]:i ADDH£SS. 


439 


tlio knowledge of other places not at our actual door that we teach in geography, 
how to get there, what to find when we get there, and so forth. The greatest 
revolution that is being worked in human life is the elimination • of distance, 
ami tills elimination is going on apace. It is entering into every phase of public 
and private life, and is changing it more and more. The most difficult and 
dangerous of all Imperial problems at this moment is the colour problem, and 
this has been entirely created by human agency, scientific agency, bringing the 
lands of the coloured and the white men closer together. Year after year, 
because distance is being diminished, coming and going of men and of products 
is multiplying; steadily and surely the world is becoming one continent. This 
is what 1 want geographers to note and the peoples to learn. Geographers have 
recorded what the world is according to Nature. I want them to note and 
teach others to note how under an all-wise Providence it is being subdued, 
replenished, recast, and contracted by man. 


MiiLliOUllNli. 

FRIDAY, AVGUST U. 

I'lio following Papers were read ; — 

J. AustmliLtn UahifalL By IL. A. Hunt, Connionwcaltli Meteoroloyibf, 

Tho main factors to be considered iu relation to the controlling causes of 
rainfall in Australia are tho south-east and westerly trade winds, the 
inoiisoonal and southern depressions, cyclones from the north-east and north- 
west tropics, locally formed cyclones, and tho anticyclones, in conjunction with 
the modifying effects on these various atmo.^pherio movements of the physical 
features of the different parts of the country. 

Around tho central dry area of Australia tho isohyets describe somewhat 
l uiiccfitric curves, tho modifications being mostly due to variations in elevation. 
Thus, the Darling llaiiges to a great degree account for tho rainfall of the 
soutli-wrest corner of the continent. The Flinders Range (South Australia) 
and Australian Alps in the south-east have a heavier rainfall than the surround- 
ing tracts owing to their cooling effect on the air-currents. Along the eastern 
elevated margin of tho Commonwealth the ridges between large river-valleys 
also account for an enhanced precipitation. Examples of the latter typo arc the 
Peak Range and Darling Downs in Queensland, where the eastern ranges of the 
northern parts of that State obstruct the south-east trade winds and cause 
our heaviest rainfall. In Western Tasmania there is an excessive rainfall for 
similar reasons, though there the westerly trades are the moistiirc-ladcn winds. 

During tho hotter months, November to April inclusive, the northern parts 
of Australia are wet and the southern dry, and in tho colder months, May to 
October inclusive, tho southern parts arc wet and the northern dry. while over 
the eastern areas of the continent the rainfall is distributed fairly generally 
throughout tho year. 

Tho southern portions of the continent, where the precipitations are con- 
trolled by the ‘ stormy westerlies,’ southern cyclones and V-shaped depressions, 
enjoy very consistent annual totals, but north of the tropics, and in fact in all 
[larts of the continent subject to monsoon rains, the departures from the 
normal are occasionally very great. 

When the monsoorial disturbances are in evidence, the effect of the rainfall 
on the country generally and the economic results for the succeeding season 
are very pronounced. The interior of tho continent becomes transformed. 
The plains, which ordinarily have an intensifying effect on the heat winds 
of the summer, are deluged with rain, and respond immediately with a luxurious 
growth of grass and herbage. Tho air is then both tempered in heat and loses 
its dryness for considerable periods. 

The monsoon region comprises the whole of Australia north of the Tropic 
of Capricorn, together with Southern Queensland and the north of New South 
Wales. The heaviest rains are in January and February. They are »lircctly 
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duo to tho indraught caused by the heating of the centre of the continent. This 
loads to tlie formation of a low pressure in Northern Australia) and the ascend* 
ing winds «i‘o cooled and deposit their water-vapour in heavy rainstorms and 
thundershowers. . . 

Tropical depressiona when weir developed are productive of good inland 
rains, and are evidently caused southward Rows of tho atmosphere of wide 
extent and considerable depth. l?no ‘ Antarctic * disturbances are* however, ilio 
more frequent in winter. The heaviest totals from this last-named source are 
precipitated on the west coast of Tasmania. Thus at Mount Lyell the total 
for one year exceeded 140 inches, and even the average is I16*t|5 inches. When 
an * Antarctic ' is supplemented by a * trough ’ extending well into the northern 
interior, it brings much rain to the inland areas of South Australia, Victoria, 
Now South Wales, and evci. <^}ue<'usland. 

Anticyclonic rains occur at all of the year, but more markedly from 

March to ISepteniber. They heneRt particularly the southern area of the 
continent, and are responsible for many of the lieaviest rainfalls and Roods on 
the coastal districts of New l^onlh Wales. 

Flood rains occur at infrequent intervals over various portions of the 
Commonwealth, principally in Qaoeiisland, tho south-eastorn parts of the 
continent, and the iiorthcin regions t»f West Australia. 

Typical instances of Hoods in South-eastern Austialia a»v (1) the Rood wlju h 
occurred in January 1910 in tho Upper Diirling tributaries, consequent oil 
abnormally hea%y rains on the iioith western plains and slopes of New t^oulli 
Wales, as well as on the Darling Downs of Queensland. 

These exceptionally hcav>, ronliiuious rains wore caused by the joint action 
of an anticyclonic area over the southern regions ami a monsoonal depitvsion 
operating in tho northern half of the continent. A monsoonal tongue developed 
and extended southwards over Qnoenslaiul and New Smith Wales, while at the 
."ame time the energy of tlic liig:h pressure in the south increased. In five ilays 
luge ai’ca.s in the two States had Ivoin 5 inches to 11) inchc.s of rain. 
The enormous amount of water which fell over a[>prokimately iS0,(Kk» square niilc.^ 
of country may he rouglily estimated at thirty-one billion, six hundred and 
eighty-seven million (;U,b87,(joO,(KK)) tons:, or" seven thousand one hundred 
hilliun f7,l(X),(K)0,0l)O,<KHJ) gallon.^. ♦ 

(2) A similar development occurred in .March of the present )ear, when a 
iiion.sooiial tongue extending .southwards acros.$ the continent against an 
intensified anticychaie in the south \va.i accompanied by severe thimderstorin.s 
and torrential rains, hiomc of the heaviest individual falls were in New South 
Walc.s; rjj., Taralga on the t^cntiul Tablelands 10' 74 inches, Sydney d’4y inches, 
Tarramatta 10*91 inclie.s, and IJecciaft 18‘Sl iiu'lies in the metropolitan area, ami 
Wollongong 25*34 inches, on the south coast. TJie barometer readings at Sydn(‘y 
ranged from 3(J*13 iiiche.s to 29*97 ino}ie.s during the five days the storms were 
in tirogress, while the anticyclone to the south gradually gave way simul- 
taneously, the centre (3U*4 inches) moving slowly over the southern parts of 
Victoria and Tasmania castvvard.s to tlie South Pacific Ocean. 

The wettest known place in Australia is Tnuisfail, on the north -cast coast of 
Queensland, where the average rainfall for twenty-one years is no loss than 
145 inches, the maxiinum yearly total being 211*24 inches, and the miniiiiiim 
69*87 incites. 

The driest region so fur furnished with rain gauges lies east and novtli-eai^t 
from Lake Eyro, where less than .5 inches is the average annual rainfall, and 
where a total of* 10 inches is rarely recorded during the twelve months. 'Pliis 
minimum rainfall is coincident with tho lowest elevation, Lake Eyre being 
actually below sea -level 39 feet. 

The inland disitricts of Western Australia liave until rd<;ent years been 
regarded as the driest part of the Commonwealth, but authentic observaiioiis 
taken during the past decade at settled districts in the east of that State show 
that the annual averoige is from 10 to 12 inches. 

In comparing the rainfall of the chief cities of the rest of the world ^ with 

I Amsterdam, Athens, Berlin, Berne, Bombay, Brussels, Budapest, Buenos 
Ayrc.«<, Calcutta. Cape Town, Chicago, Christiania, Colombo, Constantinople, 
Cnpenliagen, Dublin, Eiitnburgh, Genoa, flong Koing, Johannesburg, Lisbon, 



TRANSACTIONS OF SECTION E, 441 

tlu)8G of Australia, it is fouiui that Bombay, Calcutta, Colombo, Singapore, and 
Hong Kong are the only cities ivhose rainfall exceeds that of Sydney and 
Brisbane. Perth has, a greater annual rainfall than New York, and more than 
that of twenty*eight of the forty-two cities used in the com^rison. Hobart 
nearly equals London^ /which Melbourne exceeds by an inch, while eleven of 
the forty-two places considered have less rain than Hobart. 

The distribution of average annual rainfall over the Common wealth and 
the United I^ingdom in MifOuamdn of square miles is as follows 




Australia 

British Isles 

Under 10 inLv 


. 1.045 

nil 

lOin. to l5in. . 


. 652 

nil 

15 in. to 20 in. « 


. 416 

nil 

20 ill. to 30 iii. ' . 


. 503 

24 

30 in. to 40 in. 


199 

42 

Over 40 in. . 


. 160 

55 


The average area under wheat in the United Kingdom during the years 
1910, 1911, and 1912 was 1,926,040 acres, and the average yield 59,4.'J6,392 
bushels; while in the Commonwealth for the same period the area under wheal 
was 7,1179,080 acres, and the average yield 86,243,163 bushels, a difference in 
the totakyield in favour of Australia of 26,806,741 bushels. In Australia wheat- 
growing under ordinary conditions is generally considered a safe and payable 
[•roposition when 10 inches of rain and over falls tnan the month of April t«» 
that of October inclusive. There are in all 484,330 stjuare miles of country with 
10 inches of rainfall and over during the wheat-growing period. The output 
tif wheat has been steadily increasing from year to year, and there arc vast 
possibilities of future development in this direction. 

'rhe climatic history and prosperity of the last ten years or so contradict 
emphatically the preconceived notion that Australia is the particular drougfit- 
strickon and ]>rocarious area of tlie earth’s surface. These misconceptions ot 
the true character of the country hav'o been held in the developmental stages, 
to a greater or less extent, in the early liistories in the majority of all lauds 
and in the colonisation of newly discovered territories; e.ff., sec history of 
erdonisation of U.H. America and early Egyptian history. The truth of the 
matter about Australia’s rainfall is" that (1) generally ample for 

pa.''torul and agricultural industries over two-tliirds of its area; (2) that different 
regions have distinct seasonal dry and wet periods. These must be more fully 
recognised and industrial operations adapted accordingly ; (3) it is subject in 
part, but never in the whole, to prolonged periods when the rainfall is short 
of the seasonal average. Australia is not peculiar in this respect. It follows, 
tlieiefore, that as the so far undeveloped country becomes populated and put 
to pi'ofitable use, the general wealth of the coiniminity as a vvliolc will steadily 
increase. 

A model representing the relative rainfall over Australia has been constructed 
at the Uominoiivvcalth Weather Bureau on a horizontal scale of 133 miles to 
1 inch and a vertical scale of 10 inches to 1 centimetre. 

It shows at a glance how the annual rainfall is distributed, from the small 
precipitation over the far interior to the fringe of high rainfall around the 
greater portion of the coast-line, culminating on the eastern side .in a great 
peak indicating the annual precipitation over the Harvey Creek and Innisfail 
district, resulting from the prevailing south-east trade winds carrying the 
moisture against the mountain ranges just inside the coast. 

The fringe of relatively high rainfall along the eastern and i^outli-eastern 
coasts of the continent as the result of tlie elevated contours near the coast in 
those regions is also striking. 

The effect of the monsoonal rains over Northern Australia is very apparent 
from the model, which shows the gradual increase of rainfall from under 10 
inches in the interior to over 60 inches on the north coast. 

The manner in which the prevailing westerly trade winds carry moisture 

Londom Madras, Madrid, Marseilles, Moscow, Naples, New York, Ottawa, 
Purls, Pekin, Quebec, Home, San hYaiicisco, Shanghai, Singapore, Stockholm, 
Petrograd, Tokyo, Vienna, Vladivostoek, and Washington. 
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along: the sonthevii portion of tho Cominoiiwealth is dcjirly marked by the 
olovatb)n8> indicatiii|^ the good rains roieived over the sontli-wobt loriuT ot 
Australia, and, further eastward, how the ranges east of Adelaide uiuso good 
rainfall there and prevent the rain from that direction reaching the inland 
parts of Victoria, 

111 Tasmania also is seen ,tlic effect of tho frequency of the moist westerly 
wiridSj causing high rainfall along the mountain ranges of tho west coast, witli 
resulting comparative dryness in tho eastern parts of that State. 

It may be of interest to note in dosing that there exists apparently jin 
oscillatory mo\ement of the seasonal ruins throughout Australia about a centre 
in the vicinity of Forbes, in JS'tnv »5outh Wales. It is perhaps a natural 
cuincideneo that this apparent centre of oscillation is approximately the centre 
of gravity of the Common wcaltirs population, and is not far from tho Federal 
cipital site. 

This pecnliar oscillatory character of the monthly march of rainfall suggested 
the construction of a ‘ Kain Clock.* In tho centre of a pieces of canl board a map 
of Austiiiiia is cut out with ;i die. At the back of this another piece of card- 
board, indicating the rain area, is manipulated on a swivel. Jly mu\ing tho 
>ocond piece of cardboard backwards and forwards with an amplitude of os» il la- 
tum of o!ic-tiftli of a circle, the land .in'a of the contiiieut ail'ceted by dry or 
wet tonditioijs at any time of the year i.> approximatoiy indicated. 

Tho immediate lc.ssons to be leuiiicd from a study of the ‘ Clock* aro tii.it tlio 
.‘•ciii'unal rains are mure regular than was generally believed, and that the 
alternating dry and wet seasons arc dcTuiitely detined. That being .so, when in 
ohodience to physical law* theie is an absence of rain during the normally dry 
peiiod in any part of Au^ftialii, >ucli dryness should not be regarded as 
drought, and an evil, but rather as Xature’s w'i.so provision for resting the soil. 


2 . Uic 'Malice' LnUttliij of Xuiih-Waleni Victoria. 

Ihj A. b, Kenyon, C.E, 

The term ‘ Mallee,’ apphed to the. scrubby forms of Eiicalypt cnaraitciistic 
of tho area lo be described, i< of aboriginal origin. 

The Mallec country embiaif-s o\er acres and includes the gii-aler 

part of the north-western poition of the iStat**, over one-fifth cd' its total ai»\i. 
It is sharply differentiated fioin other districts by its .soils, plants, and general 
surface configuration. 

Surface Fo/inafion. — The pi ev ailing feature is the regular occurrence of sand- 
ridges --of no great height, i;i'iu‘ially lcs.s than dO feet. They uie more or less 
parallel, running from YV.S.W. toE.N.F. With an increas '3 in their height, the 
bcil becomes noticeably poorer ; at times they aro over 100 feet above tho sur- 
rounding surface, when tJie parallelism is ahno.sb completely maskeef and they 
form a jumble of sand-hills, locally known as ‘ desert.' Moie or less extensive 
expanse.s of level land with low irregular undulating rises aro termed ‘ broken ’ 
country. 

Soif. — The. soil varies from rich red clayey loams in the ‘broken* country 
Ui pure white sand in tho ‘ sandhills,* and, except in the latter class, is all 
.suitable for agriculture. Limestone nodules occur almost everywhere, in places 
becoming almost massive; outcrops of tertiary agglomerated ferruginous sand- 
stone are plentiful. Salt lakes, generally in the vicinity of the more extensive 
limestone bedr, accompanied with * copi ’ or gypsum earth deposits, aro 
miruerou.s. These have rarely any inflow of water, and their saltnc.ss in every 
case may be put down to upward filtration. Swamps and terminal lakes without 
any outflow are, however, generally fresh. The ‘ broken * country oi-ciipies 
about 20 per cent., the eand-ridges cover 50 per cent., while the sand hills 
account for less than dO per cent. 

Plants. — The sand-ridge countiy is densely covered with E. Dumoso and 
it.H varieties. Broom-bush (Vauikea) marks the transition stage into sand-hills 
with their desert types of Casuarma, Collitrif^, Grcvilluty Hahea, Melahucaj and 
Fpnrrir. 'J’he ‘ broken * country has large mailer, big jniies (('allitria lobunta), 
buloke, and belar {Casuarina lucfunanni and fcpiifophloia), sandalwood (-Vyo- 
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iwrum plalycarpum and Ercmophila longifolia) and a great \ariety ol bhrubs 
(IJeterodandron, Funanua^ Pittosporam, acacias, &c.), forming probably the most 
park'Jikc country in Australia. Tlic so-called spinifex, Triodia irritam, the 
porcupine-grass of the settlers, prevails throughout. Salt-bush plains comprising 
a large number of the Chonopocliaccai vary from a few to rnariy thousand acres. 
Criasse.s are of the tufty, tussocky order, and rarely form a sod or .sole of grass 
sufficient to liieverit sand-drift. 

Climate* — The Mallee is arid. Its rainfall varies from li) to a little under 
11 inches per annum, averaging l-I inches. In summer the days are intensely 
hot and the air excessively dry ; consequently there is frequently a considerable 
drop in temperature at night-time, the range being over 70^ F. In winter, the 
days are bright and sunny with much frost at night, temperatures going com- 
monly below ‘JiiP F. Cyclones of destructive force are rare. 

Ccolo(j^.—T\iQ surface soils are almost wholly leolian or wind-redislribulcd ; 
this formation extends to 30 feet and over in depth. They have been formed 
from lacustrine clays and drifts, which are some 2(HJ feet in thickness. Below 
these beds, enclosed above and below by cstudiial blue clays containing broken 
shells, foraminifera, glauconite, &c., are extensive marine formation.;, poly- 
zoal and shell rocks of about the same thickness as the overhing lacu-strine. 
beds. Below these arc teiTcstriul Iluviatile deposits containing much lignite and 
[lyritcs. The thickness of these, which re.sl upon palieozoic, silurian, or granite 
beds, is variable, reaching 700 feet. The sequence of beds shows in the Teitiary 
[)Ci*iod a considerable subsidence followed by elevation. While the elevation 
Wiis ill progie.ss and the sea liad retreated, the stream.-? at present joining the 
Murray Biver flowed in and formed the lacustrine deposits iintil^ uniting forces, 
they cut a canyon through them to the sea. TJic Murray lliver canyon lias a 
deplli of 60 to ”2<J0 feet, and a width of to 4 miles. A distinct folding in the 
wliole series of Tertiary beds has been shown by tlie borings. At the surface 
these folds are many miles in width and are o\er 2tKJ feet in height and have 
a dii'cctioJi a little wx*st of north — at right angles to the sand-ridges — with a 
marked easterly dip. It is not unlikely that the salt and gypsum areas above 
referred to inaik the synolijies, where fracturing allows esca2>e of the artesian 
waters of the coral marine bods. 

St>tt/p7ncnt . — There are at present live and a half million acres under settle- 
ment, of which about one and a half million aeics are under cultivati^m annually, 
supporting a population of over 40,000. 


o. The Expcrimcnlal DciiionsiraHoL of Ike Cunatare of the Karlh\ 
ISnrfaec. By il. Yule Oj^diiam, 


4. The Central Iliahlatnh and * Main Divide ’ <>/ Vieloria. 

By T. IS."IL\rt, B.U.E., FXI.S* 

A holt of highlands extends through almost the whole length of Victorui. 
These consist of a peneplain carved out of Baheozoie rooks, and subsequently 
elevated in blocks to varying heights and dissected. Bemuaflts of older hills 
above the peneplain are of minor importance. 

On these PaUeozoic rocks rest fluviatile and lacuvstrine deposits of Ttutiaiy 
age. The fossils and relatioji to marine Tertiaries further south indicate a 
position low in the Tertiaries for the oldest of these. The formation of the 
peneplain may be regarded as early Tertiary. In Soutliern Victoria worn down 
Jurassic rocks form part of the peneplain. On the Central Highlands and south- 
of them there are also two series of volcai\ic rocks, known respectively as the 
older volcanic (early Tertiary) and newer volcanic (late Tertiary). 

The central belt of highlands is outside the limits of the Jurassic coal- 
bearing sediments and of the marine Tertiaries. This area has been relatively 
high from Jurassic time onward, and has been much more elevated in Tertiary 
times than the marine Tertiary area. 

The general eilect produced by the elevation lias been a broad belt of bigb- 
lunds falling away to north and south and higher at the eastern end. In detail 
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this areii euiisists of uunteroua fauH-bloCks, more or less tiltcd^and uncuiuilly 
elevated, producing origitml crests and valleys. As the crests of the blocks arc 
often transverse to the east and west trends of the whole highlands, the two 
ends of a relatively low strip may be occupied by streams flowing to north ainl 
south respectively/ The main water-parting or Main Divide between tbe north 
and south streams varies in its relation to the fault-blocks, being determined in 
part by crests of tilted blocks, or by relatively high blocks, in part by the 
position of the Divide at the head of streams flowing in opposite directions 
in the same low area, and in part by volcanic accumulations. 

It is not necessary to suppose a single original Main Divide from which 
streams llowod directly to the lowlands north and south. On the contrary, there 
is distinct evidence of a more complex arrangement of the original crests so 
that some areas had les.H direct outlets- for example, a woll-marked cast and 
west crest soutli of Jhillarat is connected by a meridional ridge east of tlnit 
town to the Main Divide pn»duciiig' two ha.sins, that of Ballarat, and that of 
the original Parwan ; the pros*‘nt southerly valleys of the Moorabool, Yarrow ee, 
and ISmythe’s C.'rcck are cut iuter through this southern crest. The presence 
of original difticultv-drained .ircas has probably made alterations in tlie 
diainage s\stcin easier, both liy capture and by diversions after volcanic in- 
tilling. Alterations are also facilitated by diticreutial movements after tlic 
present drainage ssstein was initiated on the rising pencplaui. 

The Ufjper Cluulburii ha-^ probably been formed by linking by capture of 
uiigiiiaily distinct basins. Tlic .'‘anie. has \cry likely occurred in tlid case of 
the Y'arra. The alterations near Ballarat iire largely due to volcanic uccniini* 
latiuns. 

'Hie Main Divide sonictiinc.s \ulcani«\ as in jrnrts near Ballarat., where it is 
formed by niiterials accuiiiulatcd round .scNcral \ent.<?. 

The actual intru.«5ion of the gianitic rucks has taken no part in forming 
present Di\i<le. TIic.^'O rocks ha\c mu\ed with the others in block movenicins. 
'riicy aie e\ideiitly more likel\ to be expH.^ed on the peneplain at placc.s if 
inucli elevation pricn* to us completion. Some of these situations would u 
doubt continue to he imu*h elevated later. 

Some (»f the b*»und iiie.s of the granitic areas are fault lines from wiih'^ 
the granitic country rises lapidly (Mount Cole, Mount Martha, Arthur's »Scai). 
Some of the ]*alcCozoic daeite.s also make Ver\ prominent hills (Mount Macedoii. 
The Dandcuongs). Jn ll)e,se eases the hard rocks on the uplift-cd .side still 
present some cun.siderable stecpm ss due to the original faiilt-i^carp. 


0. .1 Mnp oj Uitj J\nvirons nf Utjinc of 1-1 i ]. lip !)r. Thomas 

'riic Vatican Library has, by a recent gift of His Holiness the Pope, conic 
into possession of an important collection of maps and plans. This includes an 
engra\cd map of tiie environs of Rome for a distance of about twenty miles in 
each direction, on the scale of about two inche.s to tbe mile. It bears the date 
15 17, and is unsigned; but Mr, Horatio F. Browne has discovered the Voiietiaii 
privilege for it, from which it appears that its autlior was a FlorcMitine, 
Eufrosino della Volpaia. It is rather a bird’s eye view than a map, the pro- 
jection not beiJ% accurate, but the details (roads, farms, streams, woods, culti- 
vation, ^c.) are very well shown ; ami it i.s the largest map of this di.striet known 
until comparatively modern times. Though H is engraved on six copper 
plate.s, and served as the original of Ortelius' map it has remained iinknowii 
until now, and the Vatican copy is iniicpic. Dr. Ashby has written tlio text to 
tho ]niblication in facsimile made by the Vatican Library in a series which it is 
now issuing (‘ Le Piante Maggiori di Roma dei secoli 10' c 17“*). , 

G. Three iCarly AuhlraUan (Uoijrofhors, Iheir Work, and how iL is 
Remembered* By Cuakles 11. I.ono, M.A., Inspector of Schools, 
and Editor of the Education JhparlmcnVs Piiblicalions, Vicloria. 

In Australia, the scope of the geography MyllabiiK. especially that of the 
State elementary school, is comprehensive, and the time apportioned to the 
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subjfict is liberal. Of late years, a feature of the teadung has been the con- 
necting of the physical features of the continent with those who discovered, 
(‘xplored, and named them, and of the towns with their founders and early 
residents, 'llio map has thus become invested with a human interest that 
serves to give an attraction to the acquirement of topographical details whi( h 
it did not formerly possess. This mode of connecting history with geography 
has also been to the benefit of the former. The strongly established .snbj><t, 
geography, has helped to place the weak .subject, Au.siralian history, on its 
feet. Another eflec-t of adding humanity to geographical nomenclature has 
heen to direct the minds of Australian children, and through them of their 
parents, to the early Australian geographers. The value to the nation of thc.se 
intrepid men is rapidly obtaining recognition ; and when you add to that 
recognition the result of the giving over of a day annually on which the 
exploits of the explorers and pioneers are made the sole topic of instniction in 
the .schools (as is the case in Victoria), you will see that the time is ripe for 
the erection of liistorical monuments and. for the proper appreciafion of llinse 
alivady erected. 

Of the many men deserving of recognition at the hands of Australians 
three .stand out j)rominently, the navig.ator.s, James Cook and Matthew Minders, 
and the surve3’or, Thomas Mitchell. The geographical work of these men was 
of immense importance to Au.stralia. 

'I'here is no record of any vi.sit to the eastern shore of the coniinent before 
that of CJook, who charted the coast line for some 2t)00 miles witli an approacli 
to accuracy that aslonishe.s the hydrographtus of the present day when they 
ct)nsidt# the disadvantages nnder whi( h he carried it out. 

Among Australian explorers he is easily first in public estimation, some- 
time.s. indeed, being credited by those whose enthusiasm is gre, iter than their 
historical knowledge w’ith being the discoverer of the island-continent. Public 
admiration has been shown in the memorials erected to him. At Botany Bay, 
where he first landed on the .Australian soil, there is a tablet affixed to a rock, 
and also an obelisk. Sj^dney posse.sses a fine statne. At Cookiown, Queens- 
land, where the * Endeavonr ’ was careened at the month of a river that bears its 
name, is another obelisk, and a tree is .still reverently preserved as that to 
wdiich the ship was tied. An admirer at Bendigo, the ‘ Quartzopolis * of 
Victoria, has placed a statue of the great navigator in imni'^'diate proximity to 
the principal Anglican church. And, .soon, the St. Hilda Esplanade, Victoria, 
will be graced by a replica of the fine statue at Whitby, Yorkshire. 

Next to Cook comes Cajitain IMatthew Flinders, wdio did a greater amount 
of surveying along the coast of Australia than any other man. In 17?>2 he 
begaajit wdth Bligh in Torres Strait, to which be returned ten j^eavs after- 
w^ards. Tn 1705 he ventured forth with his intrepid companion, Surgeon Ba.ss. 
in a boat south from Sydney, wdtli the result that he was able to .show to the 
Governor, Captain Hunter, a chart that w'on his admiration. Then, with 
joyful enthusiasm, he went round Van Diemen’s Land (now' Tasmania) in the 
sloop * Norfolk,’ and, after that, from Sydney to Moreton Bay. Lastly, in the 
* Investigator/ fully accredited by the Admiraltj’, he began to chart the coast 
of the continent. Starting at Cape Leeuwin, he w’ovked his way patiently along 
the coast to Sydney, ond thence to the north-east of Arnhem" Land, at w’hioh 
point the rotten state of his ship made it imperative for him to bring his survey 
to a close. . His charts are so good that .subsequent surveyors have had little to 
do in the way of amendinjg them, 

Tlic first of Australia’s memorials {o Flinders w'as erected in 1841 by the 
Governor of Van Diemen*.s Land, Sir John Franklin, w’ho had been a midship- 
man on board the ‘Investigator.* It stands overlooking the fine harbour of 
Poi t Lincoln, South Australia. Tlie people of that State have not forgotten the 
good example then set them. They have erected a monument on Kangaroo 
Island to commemorate its discovery by Flinders, a column on Mount Lofty for 
a similar purpose, and to the Bluff, in the Encounter Bay district, have affixed 
a plate to recall to mind the meeting of Flinders and the French explorer, 
Bandin. Victorians have recently awakened to a recognition of the debt they ow'o 
to the man' who spent a week in Port Phillip Bay in 1802, and who.se excellent 
chart w'as used by the early explorers of thejr State. On Discovery D.iy, 1012, 
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Sir Joijn Fnllor, tlio St:i(c Otwornor, nnveilcil a tablet aflived to the granite lor 
at the summit of Station Ponk, near Gwlong. on which Flinders stood to survey 
the bay on May 1S<>2. At Western Port tliore is a cairn and tablet wliich 
were unveiled by his Excellency tho following Discovery Day. It commemorates 
the disco\ery of that inlet hy Pass in 179.^, and the first passage of tlio S^trait 
by him mid Flinders later in the 3'ear. Lastly, led by the members of tho 
Victr.ria Branch of the Eoyal Geographical Society, an effoit that will so(»ii be 
<on^iimmatcd ^as set on foot some time ago to erect a worthy statue of Flinders 
in Melbourne. 

Thomas Mitchell, \\ho was appointed Surveyor-General of New South Wales 
in 1S27, had seen servioo with Wellington throughout the Peninsular War, and 
had boe’i allowed by him to employ his talent for military sketching and plan- 
iinking. To this fino training v;ns adilcd a love for his work as a surveyor and 
explorer, together with miuh energy. He well deserved the knight liood tliat 
was bestowed upon him. Before his death at Sydney, in IRV"). lie had reeonled 
a vast amount of tletail in oonnoetioii with the physical features of Kastoni 
AnstiaHa. 

Of Ills four gTcat expediOiui^^ -the to the north of New f^onth Wales, 
tlio the Darling near PeiiTke and then down that river, the third 

‘hrvJUgh West-nn and Central Victoria (his Australia Felix), and the fourth into 
Cential Queensland--- tlio tliiid proxed of incstiniabh' scr\icc to the young 
cidonv by attracting setthns to it. 'riii'^ fart is now bring rcco<gni.‘!eil hs' 
Viotorl-nis. \V'Ith the DiMOvery Diy ci-lrbratlnns has lieen associated the 
jinvciling of a tah]('t to his memory et P\ramid Ifill. where ho stood on 
.Tune 90, lS3fi. and surveyoil the charming prospect around him: of a .si?lhnd (»n 
Afomit Araniles. whUh I'O ascenri'^d (»n .fiiiv *J\: ami i third at Fxpcilition 
Pass, through v\hieli he jonriityed '^ephniher 20. Owing to the onthti.siasrn 
tcn]n‘”s are sho'\ing in the matter, it is irrliin that, in the near future, his 
line of nrir-'h itt Vit n>ria will he v.ell ipdi«'ati'd by tablets. 


nnsDAY, AVGUST IB. 

Jnvit ir'ifli Srrlii/n C on ihr Phij^intjrdphif of Arid jMndi, 

Soc p. 30o. 


\VKhX/:sDA)\ ArrUf’^T 19. ♦ 

Tho following P.ipers wore read : — 

1. Au^lralian E t pJornfiov . Jhj tlto, ruf;lil ITiU). Sir John Eonnr.sT, 


2. Eoro^i CUninle mnl PnihifalL By E. A. M.vrKAV. 

n. Rrc^nt advances in thn Mtfp of Iho Worhl on the Seale of 
1 : 1,000, 000. By Erofossor A. Pknck. 

Tho proposal for an international map of the worM on a uniform .scale Inns 
been con.siflerably advanred in the In.st few year.'’. A ronfereneo of delegale.s 
of .several States fndd in London in 1910 approved tlio general ficherao adopted 
hy variou.s Gcograpbie.al Congres.‘<e.s .sinee i.S92 -namidy, the scale of the map 
to be 1 : 1,000,<)(X). each .sheet to he plotted on its own .surface and to bo limited 
by paralbd.s at a distfinee of i degree.s in latitude and by meridians at a distance 
of 0 degrees in loTjgitude, the meridians to be rer koned from Greenwirh, the 
map to be a hyp.«ometriral map, thn contour lines of whii’h should be given in 
hundreds of metre.*?. Tho rc.solutions of the London conference were carried 
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out hy fiovoral States, and maps after the scheme proposed were prepared by 
Oreat Britain, France, Italy, Spain, the United States of Amerira, Argentina, 
Japan, and in Portugal and Hungary. Much work has been clone for the 
map also in Sweden. At the International Geographical Congress of Home, lf)l:i. 
it was seen that these maps showed many differences in their methods and exet;n- 
tion, and the Congress recommended a second international conference of dele- 
gates of States. This conference was held in Paris in December 1013; the 
number of Stales represented at it — 34— showed how general the interest in the 
map had become. The resolutions adopted did not altf*r the general pcheine of 
the map, but settled many of its minor features. 

Tn Australia the scheme was discussed in 1012 by a conference between tlie 
survcyors'gcncral of the different States, and its execution was re( ornmomlcfl 
to the Conmnunvealth. A map on a uniform hut not too .ftmall a scale wfnild 
indeed he of the greatest value to Au.stralia, for there is none at present. Tin' 
different States liave liitherto only maps of their own territory, and these map< 
arc unequal as to scale and contents. One feature is common to all— they do not 
lay stress upon the representation of morphological features, and our knowledge 
of the extent and height of the phy.«ieal regions of Au.stralia is limited. In order 
to extend the international map of the world to Australia extensive surveys an' 
still nore.«sary. It would he an important result of the seheme fru’ a uniform 
map of the worM it it should excite inlen'st in the hypsometric al snrvev< of 
Airdi'filia. 


SvnvKV. 

pm DAT, AVaVSiT 21. 

'riio following Papers were read : — 

1. Tho VcvrlopinnU of iJtr Xolunfl Onlrr Lr<fumi)]()Rai — .4 Stncly in 
Palrcoijcography. By Ph O. Andrew*?, B.A,, F.O.S., ncnlogintl 
Surveyor, New Souih Wale^i. 

A .si inly of Legnminosa' indicates that the final separation of Australia from 
1'ro]»ical Asia took place before that of Tropical .America from Tropical Africa. 

This problem admits of compreliensimi lady by a knowledge of the succession 
of geographies in post-Jura.ssic time, the character and home of the primitive 
types of the Order, the .soils and climate which various legumes favour, the 
principles of plant dispersion hy sea and land, as well as the arrest of develop 
inent in ccvlain ty))es, and the xvonderful vitality in othev.s. such as Acaria and 
.Astragalus; these principles arc all elaborated in the main discussion. 

droqraphif . — Extensive and low-lyiinr phains of erosion, large epieontinontal 
sea.s, and genial eliniate, were features of the .Gretaocous oeograjdiy, while large 
continents, great deserts, small epicontincntnl seas, liigli mountains, glaciated 
poles, and a general difforentiatiou of climate into zones are characteristic of 
modern geography. 

J'nmitivv. T^y/Jcs.'-lTomo, the fertile tropics. Trees or shrubs, of luxuriant 
habit. Leaves simple, sf»metiiTies digit.ite or simply pinnate. Corolla regular, 
petals five,* Ftamcns definite, five or ten. free, sometimes indefinite. Style 
simple, peculiar. Fruit a pod or drupe. 

The narrow belt of tropical land extending south of the Equator from 
Tropical America to .Australia, hy w'ay of Tropical .Africa, Madagascar, and 
Malaysia, was broken up at its eastern end in Upper Cretaceous time, and, 
still later, it was broken in its central and western portions. Many remark- 
able igroups of genera were developed from the fertile ti'opical types as the 
result of the severe climatic conditions and poor soils of Australia, h’oiitli 
Africa, and Eurasia. Most remarkable of those arc, iii the first place, the 
Podalyrict'B of Australia, and Soutli Africa, which wore «lerivcd from the tro]ncal 
fiophorose; secondly, the Genistom of Au.stralia, South Africa, and Eurasia; 
thirdly, the Galogem of Eurasia; and fourthly, the Acacias of Australia, Africa, 
and America. 

Comparisons of these xcropliytic forms indicate that, region for region, they 
are only indirectly related to each other hy intermediate forms to he found in 
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tlic tropics. Vor example, the Poilnlyricni* of Australia, South Africa, ami fl o 
Northern Homisphero are related to each other throiij^di Sophona*. 'I'lio 
Kurasian typos have been dispersed, during lato geological time, to Ncittli 
America hy way of North eastern Asia, and tlienro along the high \vc‘,n*, n 
plateau.s to South America, 

[utiqitltif of laoJtifion of .t Great genera, such n.s Mimosa and 
t\i]liamlra. are absent from .\n.str«‘dia but are present in Ameriea, Afrit*a, anil 
A'iia. The peculiar group of the Au.stralian Podalyriea», compri.sing nineteen 
emlcmic genera and about four hundred species, also speaks eloquent I v of the 
long separation of Australia from Asia. The liistory of Aeacia also* may ho 
summarised in this eonuectiou. The genus is divided into Ginnmifcive, 
Vulgares, FiliriUiT, Pulohella\ notryoceplialfo, and PJiyllodino.T. Species 7()()! 
The Gummifera^ are the primitive type, and arc well" developed in America! 
Africa, ,and A.^ia, only poorly repro.^sented in Australia and quite ,ihsent from 
Knrope and New Zealand. They represent tlic xerophytic modification of a 
lu.KUTiaut rretaccoiis plant, with hipiuuate louve.s, cvcfi at a time when the 
great eonl incuts wore connected hy Avay of the tropics. The \’'iilg.iri‘.s are the 
most important types, nmnericall\ , in cxtra-Aus^tr.alian area.s, being ahnmlaiit 
in America, Africa, and Asia. They arc abstmt from Au.str.ilia. 'I’hr* Kilicii.a- 
belong to Tro]ncal America. 'flie Pnlchella* and tlic liotiyoccphalic aie 
endemic in West and Smuh-Ka.«it Australia rosj)cctivcly. The Phyllodincjc, with 
about species, are An.stralirin, Of these the nninerve;^ represent the e< Her 
t\pc, and are cliar.ictcristic of poor, sandy soil.s*. The home wa.s Norliicrn 
Aii.-Ntralia. In the early stages the phyllode wa.s narrow with the midrib fmni 
ing the greater portion. Tlie Plcurinerve.s appear to be modified Unincrve.s. 
lV»tb type.-? gradijally puslicd their way into the deserts, into West and S'onih 
eaht Australia, and into 'r<i.smania. 'fhe Uniner\e.s established themseU is 
.'•trongly in the cooler regions of the .south, while the Plenrinerve.s. with tin* 
Juliflorjc, lagged hcliind and entremhed thcin>clvc> .-iociircly in the tropiis. 
Poth during, and .subsequently to. the formation of the great plfitcaus of Ka.stern 
Australia many peculiar phyllodineoiis typos wove dcveloi)cd, such as the 
■Racemosac and the Tetramerae. and tlio.se. in part, during the later glacial period, 
moved northwards along the plateaus as far a.s Sontli'Castern Queensland : others 
again adapted themselves to subarid inland conditions. The endemie 
PotTyocepbalin, also, are in the main a response to plateau development in 
Sonth-east Australia during later and ]>ost Tertiary time. The wc.stern 
alluvial plains of rvistern Austi.di-i, formed ihiring lato and posl IVrtiary time, 
gave rise to group.s of the Plciii iiK*rvc<, mhIi as the Micioneiira*. 

In conclusion, Australia has been i.solatod from Asia for a great period, 
and tlio LcgnminoRic of the fertile tropics of the i.sland eoiitiiient are not com- 
paratively recent and derivative, as has been .stated, but arc examples of typc.s 
once cosmopolitan, \vho.«!C development has long been arrested while the great 
majority of the endemie typc^ are younger and vignronp xerophytes induced hy 
the altered geoigrapliical cfinditions, 

2 . FAtf^lern Av.^lnilian Trtpoiint]i]i}i aiul its Effect on the. Naiire Vlora. 

Bi/ E. H, OAMRAf’.r, V.JaS , (liief Mimnq Siuveyor, Neir 
Sonlh Wales. * ^ ^ 

The chain of mountains known as the Great Dividing Range extends through- 
out the length of Ea.stern Australia at distances varying from about twenty 
to nearly three hundred miles from the coast line. It con.sist8 of an uplifted 
disseited plateau ranging from about 1,600 to 7,300 feet above sea level, the 
generally lower portions being in Queensland, and the higher in southern New 
South Walo.s and Victoria. In general the eastern face is fairly steep and 
high, and exercise.s more influence in differentiating the Inimid climate of the 
ea.st from the drier climate of the west, than does the actual water-parting it.self, 
vvliicli is often only a slight ridge in various positions on the plateau. The effect 
of the mountains in the south i.s to create throe climates, a linmid and dry one 
on the east and west sides respectively, and a cold one on the summit which 
acts as a barrier between two floras which would otherwise commingle to some 
extent at lower levels. • 



’I’HANSACrnuNS OF SKCTION E. 


U\) 


III l^iiiM'iisl.iinI .1 lo\\(‘r siiniiiiil (if llic platc.iii. and an iinrra-i* in 

ii ni|)rr.iturn nwin^ to tho ninro nortliorl}^ pn-sitioii of tlnj rrin^cj, piTinit llio 
ui'.stcni or dry iiilliUMna^ to cross I he iMoinitaiiis in various fdacTs, and allow many 
interior types of plants to thrive on the eastern watershed, while tlie inoii-t* St 
loviii;^ or coasUl brush jdaiits are excluded from thcbc invaded areas. 'J'liis 
invasion ocnirs in tlie (Jmdhurii Kivt*r valley near Cassilis in New South Wales, 
end at such places in Qu(H'n.sland as between Toowoomba and Ibisbane, between 
.lerieho and Ibaikliaiiipton, and at other points. Wliere siicli a inonnt^iin passage 
oeeurs the inoist-luviiig eastern flora in no ease passes Ihrougli to the west, 
hut ill eel tain instanees arrives there by other ageiieies, and tiuds eoiigonial 
Mirrouiidings on secluded jiortioiis of elevations protected from tluj wot. 

The absence of a high range extending along bcdiind the coa.slal licit in 
Northern Australia is eonsidenMl |(» largely account for tlie ali.'scm-e of lamtall 
ill that locality during tlie winter months, and for the siiaiscucs.^ of the hru.sh 
or juiigh* xegetatioii. 

'^riic ohservatiiiiis in regaid to tlu; effiM'ls of topography on the native floia 
indicai(‘ that tlie rainfall and climate in Kastein Australia are \erv i.ijgely 
!cgiilat('d by the phy'siographie features, and the vegetation, after allowing 
for difl'erem cs of soils, is ehieny the result of rainfall and ( Innate ft would 
tliinefore appear that t!m nunoxal of the forests would not lesult in a gi-eally 
lediKcd rainfall, hut would probably decrea.*ie the number of damp da\>, 

• 

• I .1 lln'i'nfhj hiscoi cntl MS. hif d \Mi.s Cook, liij II. ^ uj: 

() 1 .I» 1 I\M, A/.J. 


1. 'I hr f'oi/s/ nj Sen ('(ilcth)nhi . liij Trofessoi* \V. M. D.wjs. 

Siiulhmi Mdshd iithl (hr Kl(nnljffti\ lUj Piofi ^sor J'^lwooh S. 

Mookk. 

♦ 

t). A Us! Kilid : ils oi Cl If (tfi rnulcncCil bij Aiiiicuf Cliuri!^. 
tUj Ceo. Coi.LiNiiHiDOM, ( ’or/Ys/»o//(//n/7 Manbcr of U.il.S.A.y Sr. 

1. Karlv \nyages by the FortUjgiiesc and Spaniards in Australasian wateis, 
made between the years 1511 56, but not recorded, 
li. Reasons for not recording said voyagc.s. 

5 Australia named dava Mayor. 

X. Diseoxeiy, by author, of Portuguese legend on Dauphin (’ImiI 

5. Pea sous for distorting charts. 

6. W’esterii Coasts of Australia diseo\(*iTd by the Portuguese, 
r. Kastcni Coasts of Australia discoxered by the Spaniards. 

S. Main features of discovery. 


TUKSDAY, ^iUaVST 25. 

■Jnlul Discussion irilh Scciions 1^, and K on Past and Piescni Pcht- 
tions of Antarctica in their Biohnjirah Geographical, and GcoJoiiiLn! 
Aspects . — Sec p. 409. 

The following Papers wore then road : — 

1. (Jeodelic Surveying in Nc/e South M'ales and some licsuHs. 

By T. P. PuHBiou, F.R.A.S.y dV., Director of Trigonometrical Suncy^^, 
New South Wales. 

The above Paper desevibea in general terms tlie limits reaeliv'd up to the 
pivscnt by the Trigoiioinetrieal Survey of the Slate named, the methods fol- 
19U. ‘ G G 
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JtANrd ami ilie oult r --f j.ux’isioii atCameil, moro detailed treatment being eonlini il 
lo tliroo matteri^ which are engaging attention at the prcsiont muinent, \i/ , th,. 
'general t^iwsitiun ot periodic errora of inatnunciit gratlu;tti<m ; fjjo n l.iti- n 
\‘ch\oon the lieight of an observed ray above ground surfaec an*! llie rodht i« »ii 
of retraition; the third matter being a preliminary cuinparisun ot the geudeti. 
\MlU i\\o a^Uv^uouuv a\ Uxtitvules, longitudes, and ii/imnth, for the piirpoM* nt 
the rehtive loruia of the surface covered by the survey and that ot 
ihv assumed spheroid of revolution. 

The survey extends between latitudes 30^ niul 37° soutJj and hmgitude.s 
1 1')° and 153° east, roughly including an area of 100,0(10 stiuare miles. Tim 
fundamental object of tho survey as a whole is to provide the positions (d’ 
a series of points of sutUcient aecurmy to control the detail suiveys made 
the purpv^ses of land alienation and administrative surveys generally and at the 
same lime to facilitate map constim-tion. Throughout tlie wdiU, liouover, llie 
necessity has been kept in view of observing certain chains of the li iangulalion 
with the gre.itcst preeisiou attainable not only so as to streiigthen the remainder 
but to afford data for iricorpuiation with other similar surveys in determining 
eaitli dimetiiions. It is this primary triangulatioii which the paper df*als with. 

Base lines have been measured at Lake (ieorge and at Richmond, and llie 
Taper refers to the need for fuither bases of verification owing ti> the exlen- 
sion of ihe survey. In preparation for ineaMiieinent uf tiv\so, invar tapes have 
been lately obtained and standardised and the site of one further ba.'jo (nin^ eon 
miles in length) determined on. Tho angle woik has till recently been observed 
with thoodoiites (Troughtoii & Simms) of eighteen im‘he.s diameter read by 
four micrometeis, but a 270 rnilliiiietre Reps*>hi of the tvpe used in the Ccedtlic 
Survey of S<»utli Africa has now been installed. For minor details of the 
metliods of ub^Tving and reduction the Taper refers to one read hy the wider 
in 1803 to the Australasian Association for the Advain’cmcnt of Science, the 
methods there described having been continued. It will .sufiiee here to stai*' 
that tlie mean closing errors of tho 171 primary tiiangles is d: 0^^’70 and that 


dying Ferroro’s critcii.m 


(he value of 


ai|!L:crt allied 


to he :f:(C'‘5L which indieates that the work is of a high older of piecision. 

The purchase of the RepMjM theodolite net es.'>ita(cd an examination of iis 
• inly errors whieh lias resulted in a general disi iLssion of such crror.s. Thij? it 
is tliouglit may bt; of iuterc'^t ami has already caused consideration to ho given 
tti the possible need for a change of observing routine. As aheady inenLioiictl 
iiutrnmcnts read by four microscopes have hitherto been used. TMie Rt-psold is 
road by two micrnscopes. Tho moan reading of two opjiosite mh roscopes is 
affected by periodic errors, p, sin (20 f-«i) . . . .pf >i]i {2r9 f-e'), 0 being the circle 
reading. If after an arc ' Circle Left " the telescope is tinned over and swung 
through 180 degrec.s horizontally to prepare ‘Circle Right’ the. mean bearing 
of a signal derived from the combined observations will remain affected with 
these periodic errors. It is the practice on the survey to use five settings of the 
horizontal circle, each differing from the pre/*eding by 36°. The new 
imstrument has furnished re.sults sliowing the large range of 4'' amongst 
its bearings derived from the different settings. Altliough the means of bear- 
irig.s derived from the five settings are free from periodic error (other than those 

involving 100, 200 it has nevertheless been desireil to determine 

accurate ex[Jiessioii.s for these errors for various reasons, and particularly with 
a view to estimating the acciira. y of the graduation of the horizontal circle. 
An analysis shows how expressions for the.se errors may be determined from 
the ob.servations of Imrizontal angles. From observations made at trigono- 
metrical station Rocks to 23 beacons the value -2'f*19xsin (20-55°) has been 
derived for the first teim, while from others at station Ovens to 17 beacons 
the value found is — 2'^’11 sin (20 - 53°). The terms containing 40 and G0scem 
to have an amplitude of 0'/'3 or 0''*2. Combining all the results yet available 
tho correction to a microscope reading of the horizontal circle is, as far as 
has been determined, ~17"*4 sin (0-f-lOl®) -2"*2 sin (20 -54®) -r' O sin (304-228'*). 
. . . There is no suggestion in this series iliat the amplitude of the term 
containing 10 0 is uf any importance, and it is highly probable that the live 
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of the circle are quite ftuffle.ient. to eliminate in their mean all appre- 
ciable periodic errors. 

in the paper already montionerl as having been read to the Australasian 
Association in 1808 the writer referred to an apparent connection between the 
heights of tlie lines above the intervening surface and the values for the coeffi- 
cient of refraction derived from the reciprocally observed zenith distances. 
The extension of the survey since 1898 has given further data which generally 
boar out the conclusions then derived. The.se data and the results are dealt 
with in the present paper. In the ab.scrico of a topographical survey from 
\^l.ich to ascertain the height of each line above the intervening .smface the 
observations have been grouped in the order of length of line, the as.sumption 
being that generally the longer lines are the higher. Another grouping has been 
made in which account has been taken of the height above .ecji-levcl on the 
assumption that the higher regions are the more hijly and that there the height 
of the ray above surface is the greater. Jk)th groupings would seem to indicate 
that where information as to the highest above surface i.s lacking varying 
eoelfiiicuits of refraction may be assumed according to the lengths of the liiu's 
oliscrved. Diagrams are given showing the variations. 

TJic .survey has bc^n computed from the Sydney Observatory (Lat. 
3.‘1° T)!' 41''‘1 S. ; /.sjug. 151° 12' 23"*1 E.) as origin. A map accompanying 
the Paper shows the extension of the survey therefrom southerly about 240 inile:> 
to tlie Victorian border, where it connects with the iriatigulation of Victoria, 
we.storly about 360 miles to the limits of the almost fiat country of the inttuior. 
and riorlli westerly towar<ls the Qiieen.sbind border a di>taTMe of 240 miles. 
'J’in* shows also the difference.s bet \\ ecu the geodetic Iatitude.s, longitude^. 
a]i(l aziinuth.s as derived from the assumed earth dimension.^ (a modification of 
the (Jlarke 1880 S])heroid) and the corre.sponding latitudes &c. obtained by 
astromuuieal observation. These show the effects of local deflection of the 
.'v(‘rtiial eaused by irregular distribution of surface*masses. Broadly, New South 
Wall's may for our present purpo.scs bo said to be divisible into three zones, the 
littoral of from 20 to 60 miles in width rising from sea-level to 2,000 feet in 
•height ; at the rear of that plateau 100 miles in width varying from 2,(KX) to 3.000 
feet in height, with mountain masses up to a.s much as (in the southern extremitv) 
7,000 feet, and westward of that a more or less gentle western slope to interior 
plain country. As tlie lesult of the attraction of thi* central elevated mass ami 
of the defect of gravity of the adjacent ocean it would ajipear that along the 
(oast there is a general eastward deflection of the zenith of about 10" with a 
correspoudiug wosiw^ard deflection on the western slopes ranging up to as much 
as 17", hut gradually diminishing a.*? the flat country is reached. In 1898 a 
•general reduction of the data then available was made for the pm pose of obtain- 
ing an idea liow^ far there was conformity hetwecu the actual surface and the 
.'i.sMimed spheroid, but the survey was then loo mueh limited to the ea^.iiin 
slope.s to afford .«jatisfactory evidence. With the suhsoqiient extousiou.*^ of the 
survey, however, a much move useful discussion of the subject is within reach, 
and it wa,s hoped that by now bases of* verification on the outskirts of the work 
wmuld have been measured, when it would have been possible to reduce the 
.whole work wntli the object nf enabling such a discussion to be made. 


77/e Smul-Brifl Prnhlr))i ou the T'milrru Coa.^t of AiiRlrtilw. Bij 
(\. IT. 1 rAFiT.K; \\, FG.S., Jiispocl'inq Knq'nu^cr and 11 rapin' r, 
N.S.W. * * 

I’lu* .scientific, as well as the commercial, importance of a full kuowdedge 
jf tho direction, volume, and velocity of the movement of sand on the eastern 
Jpast of this continent is sulTicient 'wairant for tho labour and cost expended 
iipon it by the author during the last thirty years. 

There is uiulouhtod evidence of the sinking of the eastern coast of Australia 
.during recent geological time to the extent of 2(X) to 300 feet, and the natur.d 
result was to leave a very uneven shore-line, with many outlying islands, di'op 
bays, and rocky capes. Had there been no ocean current, running parallel 
to the general trend of the shore, the sand and shingle, resulting from tho 
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«h- inf«' nf (In* lainl liy . ht'inii .il, iih*tcM»rnlujj, .il. ittd nit-. !mii> .il nii- n 
wnulil. nf h.TNP luoM ibu((Mt liy (itlrs aiiil \ ,hm| WmiiM 

ftwm.'tl >.Mi.ly laMihos III fill* iiiumuliutft \icitiity of Hu»ii nn-.'io. 'I’lir ff.Hii i 
till* in till' lUMi'^lilunn’Iionil of Kisalt, sIkiK*. m s.nnlsloin‘ wmiiI 

|ja\i» bt'cn iv.ulily iwoirnis.ihlo; but snrii couditicus (l.» nut I'visl, ainl tl 
aiMlior rmloavniMx to sln»\v tlial the ivsnltant outlirnx « nuM not iissuim' tli 
jontour of till' prosi'iit slioiv lint\ but art* tin* natur.il riins»M|iu*iMV of a n.i 
oniioiN tr,ui‘l of lu'arb inatorial in out* iliivition. 

'I'lu* Kastern Australian (‘iirrent, wliirli first striki's tin* Australian coas 
bi'tweiMi Iffi'vpy Hay auti Moroton Hay, has a volority of from ono to t\v 
knots, with \i'ry little seasonal variation. Some of tin* salient points on th 
roast tend to prOiluce eddies, wliieli bavo the effect of rhanuin^ tli ' onthne «. 
tlie .sandy foreshore an«l di\ertinix the course of the n\i‘rs. hot. in tin* main, th 
diroition «»f .saml-inovoment helow hifjh \\ater niU't, in ron.stupien • nt tin 
inrrt Mt. he from north to siuith. 

Tlir eflVt t of tlie travelling; sand iinfiin^inu u| i the i-lands and erfs, am 
ifN .li'rninii! itJiu, in tho foini of hitinor nof^, I dcs, amf fmii^oies. iVe . ai 
diMnhetl, ami the result shown tui the aetiuiifun n^ map. 'I'ln* n ip .show 
tl«e hound iiy of the oM r«K’ky e-Mst at the time i •• hi t suhM<hMi<a <f lion 

L’oo to ;iTX» Vert took p]i.o. ;nul it'< relation to f)h' eM-tin.; f’oresfn » 'flu 

inn r \ t'nin j sp,u'»* i.s partly oi eiitirelv tilled wiih >a;id of m.tTim* iinuioj 
;j|fh(ef^di ...\tiMl in fda- e^ with .se\er.il feet of Inimii*'. whidi foims sMuie o' 
•h*' -oh. 'f l.iml < f our e.sistal aie<i. 

'Ml o| the <oist the .<.indy beaches take the foMn of the 

* /**’«. lie* j'e'->*nihho’i 0 hee«ifini.^ le- ^ a> the speed of lln* (i.iirni 

\\t • ' -il 'S 

1 te SI ^i.’dh .nil «' .>f tins * Zi‘t i * curve, ii. its edition tolunhniir eii.'iii* -‘i nu. 
])\i hi't M lefiurrd til le. the euthni in aiiolluT pajMU. as aKo the lu'eessjtv l"i' 
d .In i eut i >ti‘ 111 hr! wren nerali .Old told (Ulient^ K thry -illei t .'and moM'inelil -it 
! 1' r| .Il.d h.»I Ito'ir e!ltr HH e>. 

Tile \.il)ime of 'S.ind tr.ivellin.; down the i'oasf Ini'* hem r*om|iii(cd finm 
riMMsurt meets ni.ide at the Clarence River entr.uiee and at I'mt Kemhia, .tnd 
the effe( I (if \ nwinu s‘.»ather conditions upon the movement rebu'red te. 

.'''oiiM' ineasiii enieiP s nf ihi* si/r^ of the s.nul ej-nn' .nnl tiuur Lret.h).iii d 
oiiriii iir* 'ci\,*n, fer lie* puipose of .supplx im.» <lala for eumpnisnn witli .simihii 
ni* !•< in iitiiei paits of the ’..mhl 

;l ('»< '/id int.i 'S/h///» n s . Hif \V. II. 'I’n’iKINS. 

'I’ImI part of Australia to v.hi» h reference v.is made lies for tlie most p.irt 
hetwern the parallehs of 2t de^, 2<» min. .ami :V) de,;. :j.") min. .’''uiitli l..ititiide, and 
iirtwcrii rj'i dej; and Thi deu. K.ast J..on^ilude. emhracmii: an ai-ea of ahout 
•<) stpi.are miles, eon'.ido'ahjy t;r('ater than llie ai’iM nf New Smitli Wales 
'i'his imim ii.se ai'M m.ty h<‘ de'i rihed as a .<aiidy rlepiix.sinn. in plaees ])erhap.s 
not miK )( ahnv'e .seidevel. where the .«and hilhs or sand dimes in some imstanc es 
may ho hXi feet hi^h, and it lias been called the ‘ De.ad Ile.iit of Australia.’ 

>o much has been done in reelaimini; these so-ealled desert tract.s in otiu'r 
countries tliat it w'ould he wadi to turn our attention to the enormous area at 
our door. 'J hese fijuid-hills oieur in roniused grouj)in<;s, also in nearly pav.illel 
lidjre.y, hut these will not he. found to prevail we*t of 127 de;;. Ka.st liorinitndo. 
West of that meridian, with few excefition.s, the eonntry is more level- .soil iiim 
and hard loam, nodules of iron-stained gravel, rohu.st vegedation, spinifex, 
mulza, desert oak, and other Ca.'iii/iriiia. 'J'he ohjeet i.s to point, out fr’om 
personal kno\\led*.;e where such .si hemes of irrigation can be best effected, and 
whicli, if carried out, wdll in time develop and make profitable that wdiieh h.is 
hitlM'rto been regarded a.s a desert wa.sle. 

iV^.sibilitie.s are .suggesltd frmn the fact that native welhs are .sometimes tlie 
remains of mound springs. Tlie.se .spring.s, w'c learn, aie tluj natural outlet of 
artesian waters, and from that it would Fcern that the artesian basin may here 
he nearer the .surface than has hitlierto been observed in An.stralifi. 
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S|.;('TJ(»\ V. R'ONOMIC S(’IKN(’E AND STATISTICS. 
1*iii:siih:nt of 'iiii*: Section. IWcssor 1'^ C. K. (Ionmai, M.A. 


AIklhui uni.;. 

AVt.'l ST w. 

Till' I’li sidoitt (lolurri'il tlio lollowiiij^ Adflie.>s 

d’liK Mil'jci’t will! Ii 1 to ili.st u>s to (I'ly Ij.«s Im’CIi di’tonjuiK d tor im* li\ tin 

cirniiii^l.in. »*.s id’ tlio pn’sciit iiiootinj; of the ihitish A‘'so< i,oi''u mid l»> tlio tn*iid 
of iiindnru o( onoimV .‘'ludy and re.M'an h. \Vc aio iniiting fm' llir tiiui.* Iifu' 
gatli(Mi*d toni'tlii’i* from di.st.int and di\nM*, p.iits of the world, ami in tJu. 
^^•tKin at any rati* \\i* shall ]»e disnissing pnd'lcm.s similar in mtain rcs}iiM'ts in 
our various conntrii’s hut unlike in other iv>pvrt!» owing to the dilko cnees bctv. ei*n 
those e(>nntries. It is a fortunate eircunibtam’e, because it is larmdv by means of 
an intcM halite of views and e\'iH‘rienee aeijuirod in siieli diUVrent environment 
that true knowled^^e can be surely attained. On the otlier hand, it can be said, I 
Hmik. without any exaggeration that of the eioiiomie studies of the last t\v<*nly 
veals none have been more fruitful in result than those whiih li.ive de.ilt with 
I't oiiomie development as it has taken plate in the past and as it is takinu pho e 
in till* ju’eseiit. Meonomie laws, which, after all, are but gi'uei alisations of the 
M-latioiis between difterent factors or of the relations vvhi< h e'cist lietwci'n 
ertain causes ami certain loiiseummces, arc studied increasingly in (ouneitiun 
witli particular periods, movements, and eountries. New forces and new 
fe.itnre.s present themselves, and with their introduction we perceive a ehaiigi* in 
rc>ults. This at once te.uhes the relativity of many eu)m)mic maxims and 
datemcnis and disprovi’s the assumption, whiili at times some liave been pione 
o make, that all nations and all (ouiitries undergo a uniform process of develop- 
neiit ami respond in a uuiforin way to any given action or policy. It thro.v.-. 
5ome light, too, upon tlie nature of these laws. Kconomic laws are not invali- 
lateil because conclusions alter as premises alter. But, on the other hand, such 
•hanges ni'cessarily bring with them alterations in the rules laid down for 
uMctical guidaiiee. 

We come then to consider the iiarticiilar economic features whicli characterise 
■ountries jiassiiig through the early stages of economic evolution during modern 
ir recent times. Such countries, it need hardly be said, stand in a marked con- 
-rast to the older countries which surround and confront them and wJiich liavt? 
ill already passed into furtlier and more advanced stages. They differ also in 
heir economic, circumstances and this is what needs special empliasis — from 
lio.so same countries when in the primary stage of growth in the past. 

But to bring tJie matter within the limits of an address it is necessary at the 
ery outset to define a little (Carefully the scope of the investigation. New 
countries differ greatly among themselves. Speaking broadly, they fall into three 
cliief groups. There are trojiical countries unfitted for white settlement and 
marked out by their characteristics for a very specialised development. Again, 
there are countries like some of the States of South America where, owing to 
]>artieiilar features attending settlement, or to cHinatie and other eanse.s, a 
growth at all eoniparablc to that which lias taktui place in Western Kuroiic is 
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retarded if ever pruclivable. Lastly, we come io laudH like Canada j 
and with these may be included the United States, where consideralikv^mld 1 j.iv< 
to the older countries, exists alike in antecedent!*, circumstances, and } f,„,„ ,,, 
though in each case there are undoubted and specific economic differen, ^v(U)l( 
purpose, therefore, while not wliolly excluding from our survey countries 
two former types, to direct your attention in the main to the la«t-ineutioiied ti„ 
ill the hope that by an examination so defined, and a contrast of ^untricn on 
this order with the old Kurope.ui nations* some light may be thrown on 
causes underlying tlo* o.<*u'. striking dissimilarities in development. visi 

lleforo, liowevt r, the ecoiiomic features and dilTeronces distinctive of ii iwi 
oifi iitries :uo dealt with, it may be well to say a word or two a.s to the geuei i,, 
couiso of early economic growth in Knglaiid and other Kuiojwmii tountiiccii 
Thrt ' featuics call for p«irticular mention. In tlunr early stage.s those latteiv 
countries were fnn* fioM any. continuous external («)iitaot and iiiterfcroncc ; tlioii^ 
rol.ilioiks with each other ad'd the 'liter w'orld wore slight, or at any r.tto not 
Mkh as to fundamentally dctorniine th»' dirci tion and nature of their develops 
nient ; they had to meet their own wants and io dt> this by means of tludr own 
lc^ourtc.s. Seioiitlly. dining this perit^d the natiiin itstdf was •Munposctl of ^ml]^ 
and almost sell Mib>istcnt and self nmtained groups. Lastly, euniomic Jiictlioil-n 
social tics, ami iutchectual attainments were on the .same plane, being siinphd 
and. a‘< we now' should say, backward or primitive. 

When w’o turn, however, to the positum of new or young roi.utries e her an 
llio present day in* during recent .vears, wo are met at once by feature^ wliiih 
.>>1.1101 out in ."ignifn aiil waitr.i’st t«« lho'*c ^ket^ heil above. Not only are .sm h. 
touut'ies ill tlie eiily period of evolution, but they aie in lontiniioiis contact witlii 
otlitu* n-nntiie'i. and. iiiore'oer, with othei ionMtri(‘> wbii'h are in a ver\ ditb-reii 
stage of development. Again, they ne .vouug couiitri»'S. in some iri>tance^ 
inhabited largi‘ly m* wholly hy people, in other ia.<es gnided and control’nl b\i 
leaders, modern in every rcapctt and .vliariug to the full in the s< ience. kno'v t 
ietige, and ideas dcinliMting the older (oiiniiies. Fin therinore. both their socia 
and their pnlitic.il features are modern; on tlie one hand, ii*e>e .iie not of tlin 
type which in the pa'>l were associated with the eiily stage of growth; on thvi 
othei li.iiid, the lountiie.'s themselves are much less affectiai than aio oblei 
Miiintiic." at tin* pi(‘^eut d.t.v h\ tiadiiion'' .iiid iU5>tom-> which, ile.spite tlicir oi iuin) 
in the lii* Liin>t<iiiccs of ljy.;one da.\'*, <lill uinLiiiUf' to inllueine the life of llit 
pie^cnt 111 other words, the\ are le.^s hcl))«'d or le-'^s hindered by liabits of long 
fnimati'in. Ibit the.‘>t* .-oiDew hat geiier.d toiiNider.itions aie but preliminaiy to .i 
< ]i)>er ami nmre careful analv^^iH «)l the paiti< ular eeonomic fouditions wbii li beset 
countries now in the early year.s of giovvtb. 

Fir.stly, .ou*‘h < ountrii*.*', even in the earlie»*t >tage, aie unavoidably in elo.r 
I'kitions with i.ountiies whiAi have attained <i mor(‘ el.iboiate growth and 
org.'iiiisatiou : coinuiuiiii ation rcnder.s isolation iinpr-n tic ible, ami every ytsir the 
inean.s of < oniinuni» ation iinie.iNe. It a <]uestion, lUit of intentional iiiterfer- 
laice. hut of that inevitable inllueine whnh nations in i‘!om^ relations bring to bear 
upon each other. Nor is it a question of one-sided inthience. Older nations 
h.avo been ami are affoeted in tlieir eroimmic policy ami (U'g.ini.sation by the 
discovery and otaming up of new lamis and by Mu* events taking place in them. 
Still, it is piobable that the inliucnce of the older-i'rttablished world is more 
powerful, so far at any rate as the direction of ecomnnic progres.s i.s comerned. 
I?e this, hovv(*ver, a.s it may, it is tliis aspect vvliich oempie.s our attention at the 
present moment. I’he effe< t is parii» ularly apparent in trade and industry. 
\e«*ds, in other words^ are not dependent for their spe« ifie .satisfaction on the 
internal resources and productive .adivitios of tlie p.Trtifiilar land, and tin’s, 
while important in .all instaiucs, is of gre.at moment in the case of a country 
wliifh, a.s yet without opportunity' to develop it.s power.s, is seeking, a.s it were 
tentatively, the be.st lines of ailvance. It is pemiliarly Ofion to inlliieiices of thi.s 
kind, )>er.iuso it.s organisation is not firmly cstahli.shed. When the social stnie- 
Inro i.s le^^s eorupleto and the direction of development uncertain, tlio risk of 
future and perinaiient advantages being outweighed by iircsent gain is enhanced. 

>‘^econdly, in the opening u[i of re.sources, the former dependence on the 
internal powers of the eouiitiy lias been essenticilly iiiodilied. Both capital and 
labour c.iti bu obtained from outside. This, of course, quickens development; 
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may affect its direction. ^ Certainly it introduces muny 
Bometimes Uiese are very difficult problems. Taken as a 
tifM a very rapid or sudden development, an aspect of peculiar 
r^ere what we call native races are concerned. Quite apart from 
often associated with such alien intrusion or dominance, and apart 
the shock occasioned by the introduction of foreign standards and 
j^ongsido of or in substitution for old usages, such people often have 
Rested an inability to stand the mere pace of modern progress. Even when 
bme to white races, the results of the rapid progress which occ»jr.s when 
ral resources are ricli are open to adverse criticism. Again, it may lead to 
great a concentration on particular metliods of production and ])articn1ar 
cupation.s, to the exclusion it may be of other methods and occupations wliidi 
iimately may be more advantageous. Again, stable customs and social ties 
more difficult to form when industrial development is hurried. Jn addition 
these, oilier special difficulties manifest themselves in the respective cases 
^alien capital and alien labour in new countries. So far as capital is concerned, 

I case varies according as the introduction of foreign capital is or is not accom- 
Died by the introducliori of those who control the employment of the capital, 
so tin; industries in v\hich .sinh capital is used. Even when alone an interest 
l^tiilie part of outside nations is often awakened which i.s not wholly healthy, 
^ifwndiiig sometimes to attempted political influence, tlumgh this, it shniihl 
^ said, is not of fi' 0 (pu‘nt occurrence except in the rase of countries largely 
alive or semi natixe (»r o«cu])ying a very backward position in tile se^le of 
ijk'ilisalioii. SomeLiimss, too, it may occasion the preniature exhaustion rd' 
nticular sources <»f wealth, or at any rate rather in the interests of foieii^n 
. pitalists tliJiM of the iiihabitanls tliemselves. Hut in the ca.se rif tlie imoe 
ba< kwnr(l <‘ouiitries, and especially of countries where climatic conditions prediide 
i white popiilati(»n occupied in manual xxork, it lias usually meant the inln»- 
liution (ti a (lass, controlling lapitaJ ami organising industry, and yet entirely 
alien to tin*, main body of inhabitants. Sucii a .situation undoubtedly impo«‘es 
gi'eat n'sjioiisibility on those in who.se hands lie.s the sni ial and political govern- 
fjiuent of the country, a. responsibility .still greater when tlie organising class 
j does not settle down, but comes and goe.s in a bewildering proces- 
( .sioii. Ibitish India ami the Dutch Indies furnish illii.strations ; and, to .some 
extent, the effect of .such a temlcney is to be perceived in ecrtaiii parts of South 
1 Amcima. Nor is the iiiimigration of labour from other ronntries less comjilex 
^ oi^ less jioteiit in it.s result.^. Such labour conies from many ."sources and varies 
greatly in kind. A clear distimtinn, hoxxevcr, must be drawn between xxbito 
labour not e.ssentially different from the existing white population and 
more or less skilled or otherwise adapted to good manual work, and, on the other 
iiami, labour of a lower type, often racially di.stinct and in .some rases bi«uight in 
owing to its climatic suitability. So far as the former is eoncerned, immigration 
as a Milo is attended with few <liffieii]tie.s (»lber than those of a .«implo economic 
Hiaractrr and inoi'' or less temjiorary in their natiiie. A ready means of stimu- 
lating industrial ricvelopment is provided, and the country is siijiplied xvith 
skilled adult.s xvitliout the cost of odiieation and upbringing. Hut the re.sults of 
immigration of the .second type of labour are less simple. Tlio general question 
of immigration, indeed, may be looked at from tbreo points of viexv. From 
the aspci;t of ocoiiomie empkiymcnt, immigration oft<»n involves immediate com- 
petition with the labour already in the country or coming foiwvard xvith the 
normal increase in the population. But in n new and progressix'o country xvith 
many openings for nexv developments such competition is seldom harmful. In 
llio long run the labour ore;ites its oxvn field of emph^yment and (ontribiitrs 
toxvards the general progress. At limes, it is true, tlie snjqdy may be in excess of 
iho demand, and any particular kind of labour may continue tii .stream in long 
after the need for it has coase^. But this can be’ remedied best by the wider 
diffusion of accur.ate knovxdedge as (o the conditions and necessities of the place 
in question. Positive restriction, if attempted, may do harm l»v ob.stnieting 
supp ios of labour when needed in the future. Wlien, Iioxvover, eronomi'e 
s aiu .irds of hv'ing are eonsidcred, the kind or type of labour iii question is all- 
important. white laimur entering a cmiutry already peoided xxith white 

men o cr.s little difliciilty. But nearly all nations liaxv encountered difficulties 
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ulu'Fi .iny t iininii;ratu»M i»f lalumr 0( i iirs from Muiiitrio'^ wIhmo (Iio 

ht .tiiiitii il ot livilo; i'- iiilly au<], as it {u'liHiiiKMiHy lowor, ami IIu'm* aio 

irrulfit'il i;ra\«‘r \vlu*n auoiit iiatnl l»y (lifft'iviu’e nf rart». in old ami m^w 
(nimtrn'’^ aliko I ho ontry of a li»\v lypo of foroign wliito lalMoir may Ining a boat a 
lo\\('rinir of tho goiioral stamlavil in oertain iminstrios or lorlaln plaocs, with 
liaim. not nooossarily litnitod to tho district or omploymont in whiih it sottlos. 

apart trom tho inoro gonoral oonsiiioratimis of policy, inlorfoiaaico woiiM 
prohihly invtilvo ivstrii'tion of the more di'sirable tyjFe of lalunir already dealt 
with and thus be economically disadvantageous. U’lie ca'se of coloured ' labour 
is admittedly ililTereiit e\on in this respect. Standards vaiy ami tlie racial 
barrier seems to prevent their spivdy adjustment. Ihit the ilitlit idties of tin* 
w liole matter are shown more ( learly if we tnrn to consider imniigraticm in its 
relation to general so< i »1 progress and political gnvernmiMit. Here the m.iin 
point is the possibility of iissimiiiition. Jlow f.ir tn* bow easily, it is jisked, (‘an 
such m'w elements Im* ab'^orbed into the general life and m id(‘ .an iiit 4 ‘gral part of 
a lioniogt'mM'U'i population'.’ Now, it is not my Inisiiiess to di.sj uss tlie ttue.stion 
in detail, still h <s to examine au\ parti* ular polii'v which may b<* advorat('d or 
which may h:i\e been aib'ptod. All that is iiecnv-saiy is to uote tbi.s ditllcuity ami 
to cmpiia‘'i'je its cxistcme in tlie case of iu*w couiitri»'s itnd especially id' tho'^o 
* *)untii(‘s or placcN wiieie labour ot this type is required or attracted by r«‘asoii o*' 
tiimate •'!' xliu'r like uium's. 'I'wo ii»n<idcriitions may come id*’ sharp loulli* .• 
i/Ji the one hand, the ripid production of wealth may be iissisfed ; on the oll.*r 
hand, .serious f-ltiits in re^jjic* t of e><om)iim; j»rogrt'-''‘*. nilioniluy, and i<id'''t\ 
g?..’v?h m ly be evp(Mien*ed 

In n*i (oiintrv, it .shnnhl be ,idde*l, bas the qm“ilion c*f the siipplv (d l.ilnai 
trom o:it.''i*li'* pl.ivod ,i mon* impi»rtant ]*iit in ecoiinmii' hi'«t*o v than ii \ 
\u^Ualii nnina the (ail\ peii*>*i not miiy was it om' of the in lliiein v. hi«l. 
teml* d f'l tin’ lontinname *if llie tiaiisinn‘lati(*n sx^^tem, but it w.i-^. if n->l 1' ^^' 

( hiet', <iMc t.f ti(*‘ tW'i eliitd‘ fa<t«*!s in the polit\ of cohmisat a.ii ,iml sr( t 
dtwisfd ami ai|\ '•<atc*l by that V(‘ry di^t ingiii^luMl man. Kdw iid (Jil*boii 
\\ ilo‘ti<‘lil In looM’ ncciit \eais it has be<*n associated with ."fdi* mho, 

.Mid iil-o with f'-ini" of ind<ntnr*‘d labour. And it leinains one of the juoliloiio'- 

bet.O t* the ( oimll V. 

'l'lii!«Il\. liiodel II methods and imabuni *'* iele e .il'e ;(ppll*’il to pro*luilloii \ 
in its rally ph s, to agriiultnie ami the e\tiaili\c imiii*'tu*‘s as wi-II as mi 
tiaih* .'Mi<l m.Miiifictne I'he eoi:se*pieia os .are both many ami gnait. Hapiil 
.Mid sudden gr.»'th i.< remlenai ]iossible, but this, as alrctuly indhatial. result’s 
in I oiisefjm'n- es !n»t always nr wlmlly ad\ant.ii:enns. Smli ell'eits are lie imu*’ 
e\ident when tin* natural rc.souicej. td the rouiitrv ar*‘ licli. l-'-ai tlicrinore, wlicii 
.Mich oi'tiMs tlieie Is ,Mi in\.iu.ible tendency t*i substitute larae-seale systems of 
prorlmtioii for the .small .scale s\stcni.s chai a* l«*i isl i*' (if jinMlinti**n in tin* jia.st 
wlon in an (-.nly ^tag**, ami tin's is not witlioiit sigiM’fic.Mice both economic and 
pfilitnal. \<i jloiiht this i.s fd" gM*atiT moment when a ile\ el(*|umMit of this 
i)rd«‘r t.ik(‘s jil.oe in a land peopleii by n;iti\«* laci's. who an* forced, as it W'er(\ 
into a sy.stem wliolly alien to their social sm roundings, .ami one whiih they f.iil 
t*» nmlerstaml. 'rimre is a disastrous incongruity between tboir metbnd of 
• •mploymeiit and tlnir so( ial en\ iiajiiimuit. 1 ln'ingh oi li‘s.s it i.s .still of some 
impoitaiice when the population itself i.s modern in civili.sation and outlook. 
'I’o some e.vtcnt, but only ]iartially, they inherit fiom their .'incostor.s in otluu’ 
kinds the le.ssoii.^ .slowly ac(piir(*d jn tho'time of .small imlu.stiy and occupation. 
On tlie other hand, there cart be no dmibt tlnit the imue I’apid pmgri’ss due to 
the reii^on.s given, .o < ompaniod as it is by greatcu’ vi* is.'‘itud(*s, i.llcrs a iiiom* 
g<*m*ral opportunity of sucees.s to tho.se wdliing to work li.'ird than i.s po.s.wible in 
other countries. Itapid progres.s always temks towards thi.s cjd, !i!id it doc.s .so 
the more e.spociallv when the orgarii.s.ation is more Moxihle ami ! ss marked hy 
custom. Not only' is the field it.sclf wider, hut tlvfi chaiige.s in the field are more 

f refluent. , . . , . , . i- 

d’he difference in economic development, tliu.s hncMy depictcuj, implies, it 
must 1)0 remembered, a somewhat parallel differem’e. in administrative ami 
political life. Jf we take such a rnuiitry as Kiiglaud, small-seale production 
wa.s part and parcel of a .system in which .sin.ill local communities grew up 
practically .self-contained ami .self-governed. Thus the .'-■jreiigth fif tlie (Joveni 
ment rested largely on local admini.stration which made its inflmuice fidt in llu* 
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ninl ((‘iitr.il .•i(]riiinisLr;itiniK Iint in n yniirif; fumifry (lcvr](i]»i?i:f ninior 
MKMirrn I Ilu* svsifiii nt iiM'ii r;tt Kill is iloxi'tMl 

it iJillirr ilcii\Ks itM rvistciu'c. intin IIk* iTiitrsil ( iovi'niiiioiit iIkim fiirinVlu's tl«i‘ 
iiiiitKii.il nut uf wliirli this lattor is ^railiially ovnhcd. 

hiUilhly, :i inn(li‘ni new f*i)nntry h.is Ix-l'nif* it Ilu* oxaiiij^lf* of nldur rniiiitrii's 
wliirh, afh'i- jiassiii^r tlirnu;'li tlif ])hasr in wliirli it is, lia\(* dinr]o|M<l tlio iiinn* 
(■nm|»lf‘\' rcminmio systoin towards which it js tciidiii^r. 'Micir couditious and 
i/islitiititiiis rci'nial tho results of fovrrs which, thrmyli nasccMit iii it. aro 
\ct in «j|a*rati()n. It may liavo somcthiiifr to imitate, it n*rtainly will see rnueli 
to avoid, 'riiis is truo from many )»oini.s of \icw. It ^ true in a technical 
'.eiise. Kveryoiio knows the imjiortaiice of luthles.sly scrappin;; plant: hut there 
ire pait.s of the national plant, as it were, uhieli cannot ho sciapjied. ThouLdi 
neither the Kn^li.sh railways nor the Kn^lish canals if laid out aru*w would ho 
constructed on their jiresent lines, they, are too elahorate and costly to ho 
(lestroNed and reconstructed. It is equally, if not more, tine when we consider 
Lhe industrial system in its more ;(eneral aspects. In this instaneo we krunv that 
rii'rniany, to take an iuhtanci*. I'lijoyed one advantage heeause her de\(dopment 
Follow ed. and was not eontcinp*>r;irv w'ith, industrial fleveloprnent in Kngland. 
Perhaps it is truest of all in res})oet of tlie social consequences of industrial 
{e\el<»pinent 'fake, for example, tho larj^e cities and nianufactnrin '' districts 
n the old countries with all their social prohlems : hniisin;:, sanitajy, and 
^ocmI. a country in the i‘arly stai^es is in this truly advantageous jmsition 
diat action in its case means prevision and lud riforni. Hence the enicial 
mpoittiiice at till* present time, in such a country as this, of the 'J'own Planning 
pn\enien<. Aj.iin, there has occurred, in tluxo lands in whicli nianufaiture 
tks made its gioatest stiiih's, a gradual cmmIu.'* fioni the rural di'-ti i« t s. p,utl\ 
U) ihuilit hccauso id’ the larger wages to he obtained in the towns and inilu‘'trial 
lisiruts, hut paidly oAiiig to .i past, if not present, disicgard of agricnltuial 
iilciests, and to the coinparat i\ e lai k of attraition in the cnuntiy. It may he 
onkiio' aliead to suggest that siicli may affect a countiy like .\u*<tralia ; hnt 
line hiiiiL^s inaii> changes. In any ease the time to provide against a movement 
,iieh as this is not wlien it has act|uired force, lint when agrii ultnre is pros- 
rous and liefon* town life has hegnn to o\'eit its curious line on the 
ipul.it toil. 

I'’iftlilv, older n.itions hi came critical and .sclf-conscious at a comparatively 
e stage in their history: th,it is. after cu.stoms had been formed and struitnui 
d lost it.s former Ilexiliility. In .'iueh cases remedial movements and change's, 
owever wiselv initiated, encounter a natural and cpiite compndien.sihle conser- 
ative i)]»|iosition. Whatever their possible gain, in the ]irngrcss tow.irds tiiis 
^^(‘striiction is involved. Xor is it incorrect to conclude th.it in many in>tanccs 
&ie imineiliate and certain lo.sscs rightly outweigh the piohlcni.itie if ultimate 
ilvantagcs. Par otliciwise is the case in a new lountiy where the jieriod of self 
toMsciousiu’s*? begins with the early davs of growth, and eoiiseioiis action tovvard.s 
Ri. given goal lias an easier ])ath and sutlers le>.s from the knowledge that U 
^inst desti’oy in order to achieve. Kven if social ex))i*rinients fail, in such 
^•luintrics they cost less than the.v would in countries more stable and more 

t irmly liascd in habit and tradition. Of course, there is loss as well as ^ain in 
his. In the one typo of country there is greater stability, in tho other greater 
iconruienee or courage in novel directions. 

I.astly. and following to some mea.siire on what has just been .saiil, we have 
jto take into ac’coiiiit the smaller part played by social conventions in the 
c'onomie life of new countries. In older countries, primary develo]nnent took 
ilace under conditions as to social life and order not due wholly to laonomie 
[^iuses, but often arising from reasons wbieb existed outside that domain. Social 
lo.sition, accepted witliont question, and forces like ca.ste, rather indicated what 
arinns clas.ses were to do than grew nut of the nece.'^sities or nature of their 
■espedivo oci'iipatioiis. No doubt some correspondence was required, since 
•ognlalions imsnited to progress led to the supersession of the races less apt to 
neefc the needs of tho time, and so the usages wbieb survived bore tho stam]) 

»f economic fitness. Still, in the main, economic activities rather followed than 
peatod class divisions. Hut the economic situation changed, and thus in later 
years we have the enrions speetaele of distinctions wliich have snrvivet^ from 
the past and with time lost mneh of their meaning, lingering on side by side 



